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V^EATHER ASSESSMENT AWD FORECASTING 


Purpose 

The objective of meteorological activities is to predict the atmos- 
pheric parameters which influence human activities with maximum precision, 
as far in the future as possible and over as many areas as are of in- 
terest. 

The objectives include. the general weather forecasts, the prediction 
of severe storms and warning of their impact, forecast of weather over 
the seas, several specialized forecasts. The differing set of ultimate 
users, their diverse geographic location, and the different techniques - 
currently employed bring about the specialization of weather forecasting 
into distinct "Services." Nevertheless, these apparently diverse ac- 
tivities are highly interrelated. For one, all use as a basis the-Large- 
Scale Weather Forecasting, also kno™'as Basic Meteorological Service i 
On the other hand, the Basic Service uses as inputs several of the data 
gathered by the specialized activities. . - ’ 

In addition, the science of meteorology is fostered by a signifi- 
cant research activity, whose fruits eventually enter the main stream 
of operational services: some of the data gathered by research acti- 

vities are also used as inputs by operational services. 

Because of this. high degree of interrelationship, it is best to 
present the "weather picture" in its .entirety; the separate roles of 
important specialized services, such as Marine Weather and Severe 
.Storm V^arning and Forecast, v^ill then acquire their proper perspective. 


meaning and scale. 
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Overview of Currently Operational Meteorological Services 

The functional subdivision of the weather forecast field is: 

o Basic Meteorological Services 

o Function-oriented Services 

o Aviation 
e Marine 
© Severe storms 
c Agriculture 
« Forestry (Fire Weather) 

® Military 

o Atmospheric pollution 
■ o Other 

Figure 1 depicts their interrelationships. 

The objectives of the Basic Meteorological Services are to; a) 

provide uniform weather forecasts to the public; b) provide the data and 

information base for the Function-oriented Services. Thus, the Basic 

Meteo Service underlies the entire structure of weather forecasting- In 

the U-S. civilian sector basic meteo services are provided operationally 

by the National Weather Service of NOAA. In the U.S. military sector, 

by the Air Force Global Weather Central (AFGWC)., Offutt AFB, Neb., and 

the Fleet Nmerical Weather Center, (FMl'7C) , Monterey, California. 

The principal U.S. Function-Oriented services (also known as 

"Specialized Services") are categorized following by title, function, 

responsibilities and cognizant agency: 

• Aviation Meteorological Service 

Supplies current and forecasted weather information to pilots, 
dispatchers, air traffic controllers. 

Subfunctions and responsibilities: 
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= Provision* 6f '‘bas*ic'inet.-service-:D0C/N0AA 


I ; 




1 


■= Dissemination of infonr.ation to users - DOT/PAA 


- Supply of information to global military aviation - DOD/USAF 
• Marine Meteo Service 


Supplies current and forecasted weather information to ship’s 

captains, port authorities, ship routing dispatchers. . 

Subfunctions and responsibilities j 

= Provision of basic net-service; issuance of forecasts and 
warnings; dissemination of information - DOC/NOAA 

= Collection of weather data; dissemination of warnings - 
DOT/U-S. Coast Guard 

= Provision of marine met. information to military forces; 
cooperative gathering of data from ships and coastal instal- 
lations; provision of data and information to other agencies 
interested in maritime service - DOD/U.S. Navy 

» Agricultural Meteo Services 

Supplies current and forecasted weather information and warnings 

of weather events affecting crops 

Subfunctions and responsibilities: 

= Provision of specialized observations (frost) ; issuance of 
forecasts; provision of advisories; dissemination of warnings; 
assessment of impact of weather and climate on agriproduction - 
DOCAJOAA and USDA. 

• Forestry Meteo Services 

Supplies current and forecasted weather-affected indices of 

propensity to fire. 

Subfunctions and responsibilities: 

= Gathering of data; generation of advisories and vrarnings 
for fire v^eather - DOC/NOAA., USDA/FS, DOl/Bureau of Land 
Management. 

» Severe Storms Warning 

Provides • forecas,t and warning of potentially deimaging weather events 


Subfunctions and responsibilities: 
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= Gathering of data; generation of severe storm warnings - 
DOC/National Severe storm Forecast Center 

= Gathering of data; generation of hurricane advisories - DOC/ 
National Hurricane Center 

.= Gathering of data; generation of forecasts and advisories of 
major storms -DOC /Joint Typhoon V/arning Center 

• Military Meteorological Service 

Provides v:eather information as required by the tactical and 

strategic needs of the U.S. military forces. 

Subfunctions and responsibilities; 

Gathering of data; exchange of data with other agencies; de- 
’ velopment of forecasts and advisories, world-wide - DOD/AFGt'C, 

DOD/FN>JC 

9 Other Specialized .Services 

== Air Pollution Potential VJarning - DOC/KOAA 

*= Air Pollution Monitoring - EPA, State, Local Governments 

= Weather advisories to plan and conduct space launches - 
DOC for NASA 

= Weather and climate forecasts for major civil projects - 
DOD/U.S. Corps of Engineers 

= Weather synopses and forecasts for energy consumption - ERDA 


The process underlying vreather forecasts is presented- schematically 
in Figure 2. The next section addresses the components of the process; 
o Gathering of atmospheric data 

o Transfer of this data to analysis locations (data communications) 

O Extraction of information from the data, by generation of 
analyses (synopses of current situation) and forecasts (pre- 
diction of future situation) 

o Dissemination of the information to users 

Archiving of the informat'ion for ready retrieval 


o 
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FIGURE 2 
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The Data Gathering Function 

Data gathering activities are divided into the following cate- 
gories: 

© Surface Observations 
Cl Upper Air Observations 
G Aircraft Reconnaissance Observations 
o Radar Observations 
© Satellite Observations 

Surface Observations 

The observed parameters are: 

Pressure 

Temperature 

Himidity 

Wind speed and direction 
Cloud coverage and type 
Precipitation 
Visibility 
Solar radiation 

Surface observations are collected by five ’’networks:" 

1) Regular observations to support basic and specialized, meteoro- 
logical services are taken by DOC, DOD, DOT, ERDA and NASA at approxi- 
mately 1,400' land locations. 

2) Specialized observations are taken for NOAA by citizen volun- 


teers to support climatological needs. 
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3) Specialized observations are taken by employees of USDA and DOI 
to support agriculture and forestry needs. These two specialized net- 
works together comprise approximately 13,000 stations. 

4) Marine surface observations are^ gathered from ships at sea. More 
than 2,500 vessels of the merchant fleet provide cooperative observations 
in a program operated by DOC. DOT's Coast Guard operates 82 ships and . 
190 shore and island stations, including the Ocean V7eather Station HOTEL 
located off the u.S. East Coast for v;hich DOC provides the meteorological 
staff.. Marine' surface observations are also routinely taken by DOD ves- 
sels. At most of the marine stations, the additional observable of sea 
state is included. 

Some of the observing stations are designated as benchmark stations. 
They provide especially detailed observations to establish a reliable 
record for early detection of climatic fluctuations and trends. 

5) Dense networks of surface observing stations are established 

occasionally to support small-scale meteorological research. Some of 
their data are used to support the Basic Meteo Service. C\irrently, the 
principal networks are ; 

doc's network near Normal, okla., supporting the National -Severe 
Storms Laboratory. 

EPA's network around St. Louis, Mo., supporting air pollution 
research. 

DOD's network at the Air Force Geophysical Laboratory, Bedford, 

Mass. , in support of small-scale meteorological research. 
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Vpper Air Observations 

The observed parameters are: 

Pressure 

Temperature 

Humidity 

Wind 

They are measured from balloon', aircraft, or rocket platforms. 

Data from the upper air observing network provide the basic input 
to numerical analysis and forecasting. Their principal sources are: 

DOC supports or operates 120 U.S. and overseas stations. 

DOD operates 42 fixed and shipboard stations, plus nine mobile 
stations. These support special DOD projects, but are deployed also, 
•within assigned mission priorities and capabilities, to support other 
Agencies’ programs. 

Upper Air observations are also available from NASA’s Marshall 
Space Flight Center: they are added to the basic network during se- 

vere weather situations. 

DOC makes special upper air soundings to three kilometers at . 
seven locations in support of air pollution responsibilities of the EPA. 
These soundings are too abbreviated to be of much use in large-scale 
analysis and forecasting, but are distributed over the Service C network 
for use in local forecasting, especially for severe storm warnings. 

NASA and DOD use rocketsondos to obtain temperature and v?ind mea- 
surements from 30 to 100 kilometers at 13 locations in North and Central 
Aj^erican and the surrounding ocean areas. These data support special 
high-altitude operations and contribute significantly to improving 
scientific knowledge of the outer atmosphere. 
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Aircraft Reconnaissance observations 

The observed parameters are; 

Pressure 
. Temperature 
Humidity 

They are measured by dropsonde between flight level and the surface 
at a few points along the flight path. Primary performer is DOD. 

DOD's aircraft reconnaissance program provides valuable fill-in 
data from large areas of the oceans v;here island and ship observations 
are scarce. Its major objective is to obtain precise information on 
the location, movement, and physical characteristics of tropical cy- 
clones in the western Atlantic, Caribbean, Gulf of Mexico, and the 
Pacific; and of winter storms off the U.S. east coast. Aircraft re- 
connaissance is requested only after a thorough evaluation of other 
data sources (satellites, radar, and ground stations) indicates that 
additional information from an aircraft mission is essential to the 
protection of U.S. lives and property. 

Operational ■ aerial weather reconnaissance is accomplished by a 
fleet of 20 USAF WC-130s. 

Special flights also are conducted by the Air Force to support 
meteorological research programs. On occasion aircraft of NOAA's 
Research Facilities Center perform reconnaissance in the North Atlantic, 
Caribbean, and Gulf of Mexico, although these are normally operated for 
support of research programs. In early 1977, an USAF WC-130 containing 
special reconnaissance equipment was loaned to NOAA to augment its re- 


search program,, 
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P.adar Observations 

The observed parameters are: 

= Detection of presence of convective storms and tropical cy- 
clones 

= Their motion 
= Their intensity 
= Amount of precipitation 

These are used for: short-term v^arnings of severe weather (that con' 

tribute heavily to saving lives and property in many areas of the Na- 
tion) ; remote identification and tracking of squall lines, tornadoes, and 
other destructive storms; estimating the precipitation rates and amounts 
for use in flash-flood warnings and in managing water resources. 

Radar observations contribute to the Basic Meteorological Service 
by measuring the intensity and motion of large areas of precipitation. 

In the specified role of detector and tracker of small-scale severe 
weather phenomena, radar observations are passed rapidly in a dedicated 
communications network to those who need to take quick action to avert 
a disaster. 

The Basic Weather Radar Network uses DOC's and certain DOD radars. 

In the Western Mountain States air traffic control radars of the FAA 
supply observations in locations where .normal weather radar units' 
would be vejry expensive to install and operate. 
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Satellite observations 

The observations performed by metsats are: 

Cloud patterns 
Cloud motion 
Cloud-top temperatures 

Vertical temperature profiles of the atmosphere 
Relay of remote observations {DCS) 

The Defense Meteorological Satellite Program (DMSP) managed by the 
USAF/ is an operational polar-orbiting system capable of obtaining high- 
resolution meteorological data under low light level conditions. DMSP 
acquires data essential to satisfy special military requirements: its 

data are also available to NOAh for operational applications as required. 
MOAA archives some of these data and makes them available to the national 
and international meteorological community for use in research and 
studies. 

The v/eather -satellites of DOC/MOAA and DOD provide cloud photos of 
the globe, and information on the three-dimensional temperature struc- 
ture of the atmosphere. These partially satisfy civilian and military 
requirements for. upper air data over the remote ocean areas. The .Geo- 
stationary Operational -Environmental Satellite (GOES) series provide near 
continuous high resolution surveillance of the birth and grov^th of hur- 
ricanes and major storms as well as of other weather events over the 
U.S, and the adjacent v/aters. 

GOES also provides the capability to collect and relay data from 
remote observing platforms relay of facsimile products, and determina- 


. tion of upper-level winds from cloud-top motions. 
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Over the last decade, satellites have provided increasing anounts 
of significant data for meteoroloaical and oceanographic analysis and 
forecasting, and information on severe weather. 

The Information Extraction Function 

It is useful to address this function before that of data communi- 
cations, to make clearer v/hat data are relayed where. Specifically, 
this section addresses what functions are performed by the principal 
players in meteorology. The methods of extraction, or how these func- 
tions are performed are presented later. 

The extraction of information is performed at the Analysis and 
Forecast Centers and Offices. 

These are of three major types: Primary centers. Area and Gui- 

dance Centers, and Specialized Centers, (See Figure 1) 

Primary Centers produce basic analyses and forecasts and provide 
basic warning .services. 

Area and Guidance Centers (and Offices) supplement and- adapt the 
products of primary centers to their local regions. 

Specialized Centers serve unique requirements of special user 
groups or provide services unavailable from other Centers, such as 
climatological support. 

The U.S. participates in the international World ^Jeather Watch 
program under the auspices of the World Meteorological Organization. 

Under this program: 1) the National Meteorological Center (NMC) , the 
National Environmental Satellite Service (NESS) , and the National 
Climatic Center (NCC) collectively form, one of the World Meteorolo- 
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gical Centers v;ith global responsibilities for collection and retrieval 
of data, analyses and forecasts; 2) the Regional Center for Tropical Me- 
teorology collocated with the National Hurricane Center in Miami pro- 
vides analyses and forecasts for the tropical latitudes to supplement 
the mid- and high-latitude products of the NMC. , 


Primary Centers' 

DOC operates three primary centers: 

the National Meteorological Center (NMC) at Camp Springs, Md. 

the National Hurricane Center (NKC) at Miami, Florida., 

the National Severe Storms Forecast Center (NSSFC) at Kansas 
. City, Mo. 

NMC provides basic weather analyses and forecasts for the Northern 
Hemisphere and for portions of the Southern Hemisphere. On the average, 
NMC processes daily more than 40,000 surface observations, '2,000 ship 
reports, 1,500 upper air • soundings , 2,800 aircraft reports, several hun- 
dred vertical soundings derived from satellite data, and global cloud- 
cover data from weather satellites. NMC" produces daily more than 400 
charts for facsimile transmission and 200 messages for teletypewriter 
distribution to users, primarily in North j\merica, some overseas. 


NHC provides basic forecasts and hurricane warnings in the 
Atlantic Ocean, Caribbean Sea, and Gulf of Mexico for Federal agencies 
and users. NHC performs research to improve the tim.eliness and ac- 
curacy of hurricane warnings, assisted by NOAA's National Hurricane and 
Experimental Meteorology laboratory at Miami, and by NMC. 
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NSSFC issues convective outlooks and severe thunderstorm and tor- 
nado watches to support civil needs; Severe weather watches are 'is- 
sued as needed: they designate areas where the occurrence of severe- 

thunderstorms and/or tornadoes is most likely. " Outlooks of thunder- 
storm possibilities are issued twice daily, thrice from February" to - 
August. •• 

Methods of severe weather forecasting -have improved over the past 
20 years ; . yet there is still ■ need to improve -techniques and "applica- 
tions. For - example , NSSFC needs to reduce the size of - watch areas - (cur- 

2 

rent average is approximately -70,000 km ) to refine the -timing and lo- - 
cation of severe weather occurrences, and to increase the watch' lead 
time . 

All national centers are programmed for early installation of 
Automation of Field Operations and Services (AFOS) equipment, described 

I 

later in this report, for^more effective operation of the entire->WS 
field structxare .. 

DOD operates two primary Centers - 

The USAF Global Weather Central (AFGWC) at Of futt -AFEr-Hebr. 
provides basic analysis and forecast products to support. ' 
worldwide defense aerospace and ground operations. AFGWC products 
are distributed globally to DOD facilities and forces by facsimile, 
teletypewriter, high-speed communications. AFGWC provides severe 
weather warnings to DOD installations and facilities. 
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AFGWC identifies areas within the conterminous O.S. vrhich potentially 
can produce - weather phenomena hazardous to aircraft and ground opera- 
tions. It provides point; warnings to a large number of military lo- 
cations 

The Navy Fleet Ntimerical Weather Central (Frwc) at Monterey, 
Calif, provides analysis and forecast products to support global. 

I 

naval requirements over, on, : and.- within the world's oceans. PNWC 
products are disseminated over the Naval. Environmental Data. Network! 
to Fleet Weather Centrals -and Naval Weather Service Environmental 
Detachments throughout the world, and to naval, ships by fleet: fac- 
simile ■ and -teletypewriter broadcasts. ..Products are exchanged among 
DOD processing centers via computer-to-computer high-speed data .. 
links. ■ 

Cooperative DOD-DOC arrangements provide continuous service in 
the event of power shortages, computer outages or other incidents; - - 
In. the event of NMC -operations failure, .'APGWC'will provide selected 
meteorological charts to the National Facsimile Network ^at Kansas - 
City; FNWC will back up the Forecast Office Facsimile Network and-' 
simile Network and provide backup guidance material to support the 
NMC forecast operation. AFGWC will provide NMC's aviation winds* 
forecasts and NDDFC's severe local storms forecasts if those centers 
are out of operation for an extended period. 

Area and Guidance Centers 

These Centers use the products of the Primary Centers to pro- 
vide forecasts, warnings-, guidance and support to civil or military 
Weather Service Offices within their cireas, which comprise one or 



-17- 


more states or portions of larger states. 

DOC operates 52 v/eather Service Forecast Offices (t^SFO) . Each 
VJSFO develops principal forecasts three times daily for periods up to 
48 hours, updated when required. Based on NMC guidance material re- 
ceived via facsimile, each WSFO provides extended outlooks once daily 
for its area of responsibility. 

Designated Offices also function as warning coordination centers 
for hazardous conditions. 

Forecast Offices also provide the main field support for all 
specialized forecast services such as marine, aviation, agriculture, 
air pollution, and forestry weather. 

Several WSFOs have additional forecast functions: 

1) in coordination with NHC, the WSFOs at Boston, Mass., Washington, 
D.C., and San Juan, P.R. , are responsible for hurricane warnings in 
their respective areas. 

2) following international agreements, the Eastern Pacific Hurricane 
Center at WSFO San Francisco, and the Central Pacific Hurricane Center 

at WSFO Honolulu, provide tropical storm forecast and warning for the 
eastern and central Pacific Ocean. Similar services are provided by 
NHC for the Atlantic, Caribbean Sea, and Gulf of Mexico- Hurricane 
advisories for the general public and marine interests contain the 
position, intensity, direction rate of movement, and other significant 
characteristics of the storm. 

3) the WSFOs at San. Francisco; Calif., Salt Lake City, Utah, Denver, 
Colo., Forth tjorth, Tex., Chicago, ill., Washington, D.C., Boston, 

Mass., and Miami, Florida, are Storm Coordination Centers, responsible 
for the preparation of storm summaries for the media on significant non- 
tropical storms and coastal flooding. 
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All WSFOs also assist in disaster preparedness by cooperating with 
Federal, State, and local agencies in areas where destructive storms 
are likely. Nineteen of the WSFOs service' 22 states have specialists 
assigned for this activity. 

To assist Primary Centers and WSFOs In applying satellite data to 
the preparation of short-term forecasts and warnings, 6 Satellite Field 
Service Stations (SFSS) are collocated with NMC, NHC, NSSFC, and with 
the WSFOs at San Francisco, Anchorage, and Honolulu. High-resolution 
weather pictures from the geostationary operational satellites are dis- 
tributed over specially conditioned lines to SFSS and WSFO photore- 
corders tv/ice hourly (more frequently, if needed) . Satellite meteo- 
rologists at each SFSS analyze the pictures and assist all WSFO staffs 
in interpreting and using the data. 

Plans are to equip all WSFOs with AFOS equipment, described later 
in this report, over the next four to five years. The objective is to 
introduce modern methods of data handling, display, and distribution 
to provide for an improved and much more responsive field forecast and 
warning system. 

DOD operates three Area and Guidance Centers in the U.S. and six 
overseas to meet global military requirements: Norfolk, Va., Suitland, 
Md, , Colorado Springs, Colo., Japan, Guam, Hawaii, Spain, and two in 
Germany. These Area and Guidance Centers receive products from DOD's 
two Primary Centers in the U.S. and, in turn, prepare forecasts, 

warnings, and planning guidance oriented to the area of responsibility 

> 

and type of operations (air, sea, or ground) being, .conducted by the 
supported military command . 
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Speciallzed Centers 

Specialized Centers meet the unique requirements of specific 
users. 

DOC, with NASA support, provides small, highly specialized ser- 
vices to support the space program. 

DOD operates two specialized centers: 

1) the USAF Environmental Technical Applications Center (USAFETAC) , 
Scott APB, 111., with a subunit at Asheville, N.C. conducts climatolo- 
gical studies for operational planning, quality control of data taken 

by DOD units, archiving of specialized military observations, 

2) the Joint Typhoon V’arning Center on Guam prepares typhoon war- 
nings for the North Pacific west of longitude 180*^, the Bay of Bengal, 
and for the Arabian Sea west of 62.5° east longitude. 

NOAA operates tv;o specialized centers : 

1) The NOAA Center for Climatic and Environmental Assessment (CCEA) 
relates the impact of climate and climate variation to national and in- 
ternational socioeconomic problems such as food production, demand/dis- 
tribution of energy, and availability of living marine resources. The 
Center’s Headquarters and Computer Modeling Division are at the Univer- 
sity of Missouri, Columbia, Mo.; the Assessment Division is located in 
Washington, D.C. 

2) The NOAA National Oceanic and Atmospheric Satellite Data Branch 
consolidates satellite data services. It is collocated with NESS, but 
is a subelement of the National Climatic Center, 
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The Weather Data Comunication Function 

Comiaunications are essential to the functioning of all meteorological 
services. Because the weather is changing constantly, communications 
facilities must be able to relay meteorological data and information ra- 
pidly for timely centralized processing and for dissemination to users. 

The two principal methods of meteorological communications in cur- 
rent use are digital data and facsimile transmission. 

Digital communications provide collection and distribution of 
alphanumeric weather data and information. 

Facsimile networks and broadcasts transmit graphical weather in- 
formation from selected centers to civil and/or military v/eather of- 
fices and users. 

Three Agencies are responsible" for Meteo digital data communications. 

DOT/FAA provides; 1) the basic national digital data system 
to collect and distribute weather observations and forecasts common to 
the other agencies; 2) the radio transmitting facilities for the 60 
and 100 V7PM distribution-only circuits for transmitting data (by NWS) 
on the VIorld Meteorological and Caribbean meteorological broadcasts. 

DOC/N^'JS provides: 1) internal communication systems; and 2) the 

basic national teletypewriter system to distribute day-to-day obser- 
vations, forecasts, and severe weather warnings to the public through 
radio and TV stations, daily newspapers, etc., via- NOAA Weather Wire 
Service v;hich has over 2,500 private subscribers. W7S is also re- 
sponsible for certain international circuits required to support the 
World Meteorological Center at Camp Springs, Md. 
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■ DOD supports and maintains systems unique to militaiT^ requirements. 

Table 1 synopsizes the nomenclature and principal characteristics 
of corresponding networks. 

Their detailed description is presented in Appendix A. 

Dissemination of Weather Information to Users 

Dissemination is the final link in the forecast and v/arning process.. 
For effective use, warnings must reach all affected members of the public 
and responsible officials with minimum delay and must convey maximimi un- 
derstanding, to allow adequate lead time for decisions and for taking 
protective actions to mitigate the effects of weather events. The time 
requirement varies from a few minutes in the case of a tornado warning 
to several days for snovmielt— type flood warnings. To serve the large 
variety of users and effectively meet the v/ide range of delivery time 
requirements , a mix of dissemination methods is used. 

. Radio, television, telephone, teletypewriter systems, newspapers 
are all used to varying degrees for disseminating environmental- fore- 
casts and warnings. They are all designed to serve multi-mission 
roles. Each routinely provides general ^/eather information, v/arnings, 
and forecasts to the public and special user groups. 

Although the dissemination system performs well in routine situa- 
tions, there are periods of severe weather when it is inadequate. This 
was dramatically illustrated in the widespread tornado outbreak of 
April 3-4, 197-4, v;here the need for improvements in warning dissemina- 
tion- vras brought out strongly. Other previous disaster reports and 




METEOROLOGICAL DATA 


RESPONSIBLE 

AGENCy 

DOT/PAA 

Digital 


Service. A Request/Reply 45 

Service A Low Speed 16 

service C Area Circuits 12 

Service 0 Area Circiiits 67 

DOD Circuits 15 


2’ 

WSFO Point- to-Point 53 

Nongovernment medium- 
speed circuits 

Hi & Medium Speed Links 1 


NOMENCLATIVE NUMBER OF CIRCUITS 

Seryice A Area Circuits 64 

- 1’ " « ’’ 18 


1 


MMUNICATIONS NETWORKS 


: TYPE AND CAPACITY 
100-wpm multipoint half duplex 

100-wpm " " 

100-wpm " " 

100-wpm ", . " " 

100-wpm " " " 

100-wpm " ” 

100-wpm " " " 

100-wpm point/point " " 

100-wpm point/point full duplex 

1,200 S 2,400 bps multipoint 
receive only 

2,400 bps point-to-point full 
duplex 


PRIMARY USAGE 

Dedicated to FAA, NWS for 
routine distribution 

Dedicated to NWS, routine 
distribution. 

Plight Briefings 

Extra capacity for private, 
mostly airlines 

Collect/distribute basic 
data gov't S private 

Collect/distribute inter- 
national data - gov't & 
private 

Distribute civil data to 
military users 

11 II II 

Transmit/Receive to/from 
WMSC and WSFO's 

Distribute A, C, O data to 
special users 

Computer/computer ; exchange 
of A, C, 0 data between NMC 
& WMSC 
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International Circuits 


11 


1 (cont’d) 


COMMtJNICATIONS NETWORKS 


TYPE AND CAPACITY 

1,200 bps point-to-point full 
duplex 

1,200 bps point-to-point full 
duplex 


1,200 bps point-to-point full 
duplex 

2,400 bps point-to-point full 
duplex 


2,400 bps point-to-point full 
duplex 


2,400 bps point-to-point full 
duplex 

1,200 bps point-to-point full 
duplex 


2,400 bps point-to-point full 
duplex 


various 


PRIMARY USAGE 

Same, between WMSC and 
USAF AWS 

"Notice to Airmen" between 
WMSC & National Flight Data 
Center 

Distribute A, C, 0 data to 
FAA Central Flow Control 

Computer/computer : exchange 
A, C, O data between NMC and 
NSSFC 

Computer/Computer ; exchange 
A data between WMSC S Avia- 
tion Service 

To develop pilot self-briefing 
technique 

Distribute radar data between 
Radar An, & Dev't. Unit KC 
and Suit land 

Alphamomeric & graphic com- 
puter link between NESS S 
NSSFC 

Exchange meteo data with 
Canada, USSR, Cuba, UK, Japan, 
Mexico, Brazil, Central America, 
Argentina, Bahamas,, Jamaica, 
South Africa 
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TABLE 1 (cont’d) 


METEOROLOGICAL DATA COMMUNICATIONS NETWORKS 


RESPONSIBLE 
, AGENCY 

■ .NOMENCLATURE 

X NUMBER OF CIRCUITS 

TYPE AND CAPACITY 

PRIMARY USAGE 


Radio Circuits 


Mostly Morse Code 

Receives Marine data from 
ships at sea ■ 


Alaska VHRR s GOES 
circuit 

1 

Microwave 50 Kpbs 

Connects NESS & Gilmore Creek 




Satellite link 

• Connects Anchorage s Juno. 

DOD Digital 

Automated Weather 
Network 

4 

3,000-wpm point-to-point full 
■ 'duplex 

Computer-Computer from-to 
Carswell AFB, Croughton RAF, , 
Fuchi, Clark. ' 




100-wpm multipoint full duplex 

Distribution to DOD users 




3,000-wpm point-to-point full . 
duplex 

•To-from AFGWC, FNWC, NMC, WMSC 


COMET I 


100-wpm multipoint half^duplex 

Collect & disseminate airways 
data 


COIffiT IIA S IIB 

2 

100,-wpm " " ■ ” 

Collect . & disseminate data & 
products 


COMET III 


300-wpm broadcast" " " 

Disseminate synoptic and 
customized data 


COMEDS 

19 

l,20p-wpm multipoint full- 
duplex 

To replace COMET 


Naval Environment 
Data Network 


• 

Disseminates FNWC products 
to special U.S. S overseas 


locations 



TABI£ 1 (cont'd) 


METEOROLOGICAL DATA COMMUNICATIONS NETWORKS 


RESPONSIBLE 

AGENCY 

NOMENCLATURE 

NUMBER OF CIRCUITS TYPE AND CAPACITY 

PRIMARY . USAGE 

DOC 

Facsimile 

NAFAX 

Long-line graphics net 

U.S. Domestic disseminates to 
250 NWS, 450 civil/military 
Offices, 350 non-government 
users 


NAMFAX 

Long- line graphics net 

Disseminates graphics to sup- • 
port aviation 


FOFAX 

Long-line graphics net 

Distributes NMC, NESS satellite 
pix to WSFO's 


TROPRAN ' 

Long- line graphics net 

NMC products to NHC; NESS 
sat data to users 


Intra-Alaska Facsimile » 
Net 

Microwave, troposcatter, 
cable, radio, Sat. links 

i 

Distributes graphics through- 
out Alaska 

OTHER 

Facsimile 

Facsimile Radio Broad- ' 
-casts 

Leased commercial HF radio 
broadcasts 

Caribbean, South America, Cen- 
tral America, NW' Pacific 


Satellite Broadcasts 

■From ATS, SMS/GOES 

to all equipped users 


Marine Broadcasts 

HF radio 

To ships at sea, incl. tuna 
fleet. 

DOD 

Facsimile 

Strategic FAX Network 

Landline & microwave 

Specialized military-oriented 
data from AFGWC. 


Overseas FAX Networks 

120 to 240 scans/min. 

Specialized products to Euro- . 
pean s Pacific locations 


Fleet Weather Broadcast 

CW radio, TTY, FAX 

Between Naval Facilities 
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surveys have identified similar unmet need's in the dissemination system. 
Improvements are being made to meet these needs and more are planned. 

The AFOS program promises to significantly improve the dissemination of 
forecasts and warnings internally to the meteorological services and 
more importantly to the public and specialized users. 

The major links in the dissemination process aret 

Weather Service Offices 

NOAA has approximately 200 Weather Service Offices (WSO) throughout 
the country that prepare and disseminate local forecasts and short-period 
warnings to the general public and to responsible state and local of- 
ficials. Heavy reliance is placed upon radio and TV broadcasting, for 
rapid warning and forecast dissemination. WSO's also provide dissemina— • 
tion of hurricane and tornado warnings, with key dissemination nerve 
centers at the National Hurricane Center and the National Severe Storms 
Forecast Center. Some WSO’s have been supplemented with specially 
trained personnel who provide weather information for agricultural and 
forestry users. A few WSOs are operated solely to provide weather in- . 
formation for specialized users, as necessitated by technical or eco- 
nomic considerations. ’ - 

DOD operates over 300 WSO’s on land and aboard ship that provide 
forecasting, briefing, climatological, and consultant services in sup- 
port of military weapons systems, facilities, and installations. DOD 
mobile units provide vzeather support for maneuvers, exercises, and 
special military and contingency operations. 

Flight Servd.ce Stations 


The PAA netv7ork of 326 Flight Service Stations (FSSs) provides 
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weather information to aviation interests at civil airports. Many FSS 
facilities also provide weather-briefing services by telephone to pilots 
at smaller airports that have no other weather information source. 

I 

Messacre Transmitting Sijstems 

Voice communications methods have a major role in disseminating 
meteorological information to the general public through telephones, 
telephone answering recorders, NOAA VJeather Radio, and other radio 
broadcasts. Use of recorders for distributing weather information to 
public, aviation, marine, and other specialized groups allov7s a growing 
number of users to be served at minimum expense. For aviation users, 

FAA broadcasts recorded weather observations and NOAA-provided fore- 
f casts and warnings . 

NOAA operates a continuous weather broadcast service consisting of 
over 80 NOAA Weather Radio stations. These broadcasts, transmitted on 
frequencies of 162.40 MHz, 162.475 MHz (in selected areas where inter- 
ference is -a problem) , and 162.55 MHz, provide continuous weather fore- 
casts and warnings and other pertinent weather information directly 
from v/eather offices to the local community consisting of the general 
public, mariners, safety officials, news media, utility companies, ' 
schools, and anyone else having need for up-to-the-minute information. 
Through a v;arning-alert device, specially equipped radio receivers 
can be demuted by the NOAA transmitter, thus giving an immediate alert 
to anyone having this special receiver. This alert would be followed 
by the vrarhing information. Because of the demonstrated need for ex- 
tending' this warning system as seen during the v/idespread tornado out- 
break of April 3-4, 1974, work is underway to expand the coverage of 
NOAA Weather Radio stations nationwide. 
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The U.S.' Coast Guard provides long-range weather broadcasts in the 
maritime regions by voice, radiotelegraph and facsimile from five sta- 
tions in the Atlantic and Gulf of Mexico and seven stations in the 
Pacific. Additionally, there are 37 Coast Guard stations making weather 
broadcasts in the coastal regions. This system is a vital part of the 
maritime weather dissemination program. The FM radio systems are also 
being used as emergency communications to link essential Department of 
Commerce facilities v^ith news media and public agencies in areas where 
hurricanes and severe storms frequently .disrupt normal communications . 
DOD operates 101 two-way radio facilities in the United States for di- 
rect voice contact between weather personnel and airborne pilots. 

The NOAA Vfeather Wire Service (NWl'JS) is a system of statewide tele- 
typewriter circuits used, to distribute consumer— oriented weather war- 
nings, forecasts, and data from WSFOs to the news media for relay to 
the public and various specialized users. It provides on an optional 
basis, visual and audio capability to’ alert all users to critical in- 
coming messages. WSFOs and WSOs have direct entry on these circuits. 

t 

The VJSFOs furnish forecast and warning information, the WSOs enter lo- - 
cal information. The Service also includes four 100-wpm teletype- 
writer overlay-relay circuits which enable state relay centers to ob- 
tain and further distribute the required information from other States.- 
There is a need to expand this service from the present 35 states to 
all conterminous states so that the mass media will have available 
timely warning- information on -potential disasters for immediate relay 
to the public. -Expansion .plans are not completed at this time. 
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Telescriber systems are used at many civil and military airfields 
to disseminate, observations', forecasts, and warnings to .air traffic 
controllers, aircraft operations offices, and other users. Closed-cir- 
cuit television is used extensively by DOD to distribute vjeather infor- 
mation and to brief pilots and operational control personnel on the 
weather. 

There are over 100 cable television systems that automatically re- 
ceive their local forecast from and continuously display this in- 

formation on a special channel. Forecasts and warnings are automatically 
changed upon receipt over 

The National Weather Service is experimenting with an audio-visual 
weather service program over a channel of the Great Falls, Mont., ceible 
television system. Ail information originates at the Weather Service 
Forecast Office and is sent to the cable office over coaxial cable for 
distribution to the television customers. 

The Department of Commerce, U.S. Coast Guard, State and local 
governments, and private interests cooperate in a Coastal Warning System 
to warn pleasure boaters and other marine interests that lack radio re- 
ceiving equipment of impending weather conditions on coastal and inland . 
waters. More than 400 flag or light displays are operated along the 
seacoasts, the shores of the Great Lakes, and on the inland waterways. • 

Archiving of the Information 

All cognizant Centers and Offices maintain local archives, albeit 


for a' limited time 
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The NOAA National Climatic Center at Asheville, N.C., operated 
jointly with DOD, is- the central archival, processing, and service 
center for weather records collected by all Federal Agencies.' 

:: 'The NGAA National Oceanic and Atmospheric Data Branch, collocated, 

■■with NESS, provides a dedicated satellite data bank and is the central 
■ source of meteo satellite data for the user community. 

NOAA publishes periodic and yearly synopses, maps and charts from 
past records. USDA publishes weekly Crop Weather Bulletins. USGS 
publishes yearly streamgage records for approximately 17,000 points 


throughout the U.S. 
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How the Basic Meteorological Service is Performed 

We have seen that the information provicled by the Basic Meteo 
'Service, also known as Global Weather Forecast, is the data base which - 
supports all other specialized services. This section addresses the 
technique by which the Basic Service is performed. We will concentrate 
on the civilian aspects of the service as performed by NMC. The DOD 
procedure is similar: much of the basic data are in fact provided to 

KMC by the DOD services, and vice-versa. 

Synopsis of System Opexation 

Operational use of numerical, or computerized, methods at the NMC 
began in 1958. Its introduction had to await the development of: 1)' 

sufficiently rapid communications to make the first hemisphere baro- 
tropic prognoses available in time for their use in preparing routine 
daily forecasts, and 2) the availability of sufficiently fast machines. 

The current operational models used by NMC for forecasting the state 
of the atmosphere are; 1) a northern-hemispheric six-layer baroclinic 
model, known as the PE model, introduced in 1966, which uses the primitive 
equations on a 380 x 380 km grid; 2) a regional Limited-Area Fine-Mesh 
(LFM) model introduced in 1971, which also uses the primitive equations 
on a 190 X 190 Km grid, and which covers the continental USA and northern 
Mexico - 

The LFM was run to 24 hr. advance forecast until early 1976; since 
then, the program was e35>anded to run to 48 hrs. 
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The TJ.S. meteorological community currently receives the following 
advance forecasts: 

24, 36 and 48 hours from the PE and LFM models, generated twice 
daily from data gathered at 0000 and 120,0 GMT. 

84 hours from the PE model, generated once daily from 0000 
GMT data. 

NMC forecasts and data are disseminated to the approximately 53 
Weather Service Forecast Offices (WSFO's). Thus local forecasters 
obtain immediate displays of data (from surface, high altitude radar 
and satellite observations) and of their synopses made at NMC. 

The WSFO's issue local forecasts at least three times daily, in a 
foritat that can be used by news media as a local forecast fox any point 
within, the zone, 

. The NMC basic data- and information are also disseminated to other 
Specialized Centers, described in the previous section. 

The Forecast Procedure at NMC 

As shown in Figure 2, the collected data are first processed to 

provide "initial conditions" for subsequent entry into the atmospheric 

model. The purpose of this step, known as assimilation, is to provide 

an accurate initial state of the atmosphere at the locations and times 

required by the model. Typical processes are: 

oi Reduction of data to standard model altitudes ; because most 
- data are taken at altitudes other than the model’s standard 
• levels, interpolations, regressions. and similar operations 
are used to "normalize" them. 

p . Reduction of .data to standard grid points:- for -the same- 
reason, 'and using similar techniques. 




-29- 


After the state of the atmosphere is initialized, the model is run. 

Its detailed esqjlanation, as well as that of more complex models cur- 
rently under research, is left for a subsequent section. The general 
features of the NMC models, common to all current atmospheric models, 
are: 

A system of conservation laws for 

(i) mass • 

(ii) momentum 

(iii) thermodynamic energy 
supplemented by diagnostic relationships such as 
(i) the equation of state 
(ii) the hydrostatic equation 

The whole system is solved ntimerically by finite difference methods. 
The model produces a forecast of the state of the atmosphere^ over 
the area of interest, defined as the calculation of the future e^^ected 
pressures and temperatures at the mesh points, and a map which interpolates 
in between the mesh points. The model does not produce sea-level fore- 
casts, because the boundary- layer effects are too imperfectly Icnown to be 
solved by purely automatic techniques. The levels at which the model 
produces these forecasts are varied from time to time: they are located 

generally at even pressure altitudes, within the six layers indicated 
in Table 2. Note that the altitudes are barometric, not physical. 

From the computer output depicting the state of the atmosphere, 
the NMC forecaster prepares the forecasts of the state of the weather 
(e.g. rain) and the sea-level forecast. These are then transmitted 
over the National Facsimile Circuit to the WSFO’s. 
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TABLE 2 

THE SIX ALTITUDE LAYERS OF THE PB AND LPM MODELS 


PRESSURE 

LAYER altitude RANGE, iribars NOMENCLATURE 


0 

950 - 

1000 

Planetary Boundary Layer 
(not computed by models) 

1 

720 - 

950 , 


2 

490 - 

720 

Tropospheric Level 

3 

260 - 

490 1 

i 



^ ou 


Level 

4 

180 - 

260 

! Stratospheric Levels 

5 

- 100 - 

180 

1 

6 

0 -■ 

100 

. Constant Potential 


Temperature Level 


NOTE: Model altitude nodes are generally located at even 

pressure altitudes within each range. 
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There are three methods in nse to perform the function of • conversion 
from State of the Atmosphere (computer output) to State of the Weather 
(final product) . 

1) The Classical Statistical methods use regressions of past 
observed data and extrapolate then into the future. ' No account is taken 
of the current numerical forecast. This method leads to only short- 
term forecasts and is rapidly falling in disuse in the u.S. 

2) The so-called "Perfect Prog- " method employs regressions of 

long period of past observed data: but, when projecting into the future, 

it correlates the past observations with the forecast produced by the 
model . 

3) The Model Output Statistics (MOS) method, erstwhile known as 
the "imperfect prog" method, introduced operationally in 1968, also uses 
regression of past data. These, however, are not observed data, but 
data computed by the model in the past. The . advantages of the method 
are; a) it automatically takes into account model biases; b) it can 
correlate variables which are never observed, but which are computed 
from other variables, such as vertical velocities. 

The MOS is currently the most widely used method for converting 
the State of the Atmosphere produced by the computer model into a 
State of the Weather required by the users. 

The production of the sea-level weather prognostic packages is 
particularly important. It is a continuous process by. which NMC fore- 
casters . update their prognoses by modifying the latest available 
numerical prognoses via, e.g. the MOS, and by stibjective evaluation 


of the latest data. 
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The forecaster examines the latest sea-level and upper-air analyses and 
weather patterns i he emphasizes current relationships between low-level 
circulation patterns and circulations aloft; in preference to the history 
of the weather systems.. He must diagnose the existing 3-dimensional 
structure of the atmosphere: thus, he compares . the structure and evolu- 

tion of the real atmosphere against that simulated by the numerical 
model. 

He isolates the systematic errors between past and already verified 
prognostic charts, and considers how they might be factored into the 
prognoses. Most systematic errors in NMC's models fall into two cate- 
gories; 1) those associated with truncation errors in the model, which 
show up as slowness in system displacements; and 2) those resulting 
from failure to forecast baroclinic developments with sufficient ac- 
curacy or rapidity. The second class of errors shows up in the' model 
as failure to include rapidly developing storms and as insufficient 
amplitude in upper-air troughs and ridges. 

The product thus produced by NMC is further modified as appropriate 
by the local Wfso's, using similar techniques to those described, to 
take into account local weather patterns, correlations and 
peculiarities. 

It is clear that at the present state of the art the computer model 
does not in and by itself provide a State of the Weather forecast, nor 
does it provide a perfect State of the Atmosphere forecast. Man’s judge- 
ment is needed to augment the computer's product. For this reason, 
numerical or computerized meteorological methods are also known •under 
the name of nimerical guidance. ' 
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Accuracy of NMC’s Forecasts 

Experience at NMC since the -introduction of Numerical Weather 

Forecasting in 1958 indicates the following: 

Better forecasts are introduced by careful and systematic 
use of numerical guidance as opposed to independent forecasting 
in competition with the computer product. 

The forecast skill improves in direct proportion to the 
improvement in numerical forecast guidance. 

The better the nimierical prognoses, the more difficult it is, 
to improve manually with any degree of success. 


Two questions often asked are: how good is the weather forecast? 

How much did it improve as a function of the introduction of more 
sophisticated techniques? To properly answer these questions, one 
needs to specify just which weather parcimeter or parameters are of 
interest. 

A quantification of the improvements achieved is offered by "skill 
score" records, which take various forms. Hie so-called score for 
pressure (or equivalent atmospheric height) is given by; 

Se^ 


100 


Zg_ 


Where: 

•e is the error in the difference of forecasted 
G 

pressure between grid points 

G is the -observed' difference of forecasted 
Xj 

pressure between grid points 

Z extends over all meshes in the area being 
scored 
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It is clear that if the pressures are all forecasted correctly, the 
error e will become zero; thus a zero skill score is equivalent to a 
perfect forecast {in this case, of pressure) . 

Figure 3 shows the history of skill scores of sea-level and 500 
inbar prognoses for the U.S. as a whole. 

It is clear that the 500-mb prognosis is considerably better than 
that at sea-level. This is due to the inability to correctly model 
the complex effects of terrain on the atmosphere. 

Figure 4 exemplifies the behavior of the pressure skill score as a 
function of length of prognosis: the longer the forecast period, the 

worse the forecast. 

It also indicates the advantage to be gained by using a smaller 
grid size. 

Table 3 shows that luodels are less skillful over, the Western U.S. 

This is attributed partly to the more difficult terrain, partly to 
the scarcity of observations over the Pacific. 

Figure 5 shows the improvement in the average forecast of temperatures. 

The contribution of numerical methods to the forecast of rainfall 
occurrence and amount, thunderstorms, clouds, ceilings, and visibility 
is difficult to specify because most numerical forecasts of these 
weather elements have only become available in the last two or three 
years. Precipitation has proven to be one of the most difficult; 
numerical forecasts of precipitation have been the least useful of all 
the output from numerical models.' Precipitation forecasts depend on 
personal skill and experience in interpreting the numerical guidance. 

This is particularly true for forecasts of precipitation amount. 

Figure 6 illustrates a 10-year NMC record of accuracy of precipitation 
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TABLE 3 


. Mean scores for large-mesh and fine-mesh models, and their 
differences over the eastern and western United States (February 
through September 1976) . 



East 

of Denver 

West 

pf Denver 


(25°- 

55°N, 60°-100°W) 

(25°- 

55°N,105 

°-140°W) 


L 

S . 

• -L - S 

L 

S 

L - S 

12 h forecast 
sea level 

42.7 

41.3 

+1 . 4 

43.8 

43.5 

+0,3 

500 mb 

24.8 

20.1 

+4.7 

27.1 

25.7 

+1.4 

24 h forecast 
sea level 

48.0 

44.8 

+3.2 

51.7 

50.7 

+1.0 

500 mb 

30.4 

25.1 

+5 . 3 

32.7 

30.1 

+2.6 

36 h forecast 
sea level 

55.3 

51.2 

+4.1 

58.8 

57.4 

+1.4 

500 mb 

36.0 

31.3 

+4.7 

39.3 

38.4 

+0.9 

48 h forecast 
sea level 

63.7 

57.7 

+6.0 

64.5 

63.2 

+1 . 3 

500 itib 

42.0 

37.7 

+4 » 3 

45.7 

45.2 

+0.5 



, = Large Mesh (PE model) 

! = Small Mesh (PE-LFM model) 
5 = Improvement 
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forecasting in the U.S. which iises the so-called "threat score" (where 
100 is perfect, 0 is completely erroneous forecast) . There is some evi- 
dence of slight improvement in the 48 h projections, but this record 
certainly shows less increase in skill with time than the temperature or 
the pressure prognoses. 
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The Ctirrent Operational Models and Their Utilization 

The puipose of the ciorrent operational models used by HMC is to 
provide a prediction of the future atmospheric parameters of pressure 
and tenperature , at specified mesh points, over certain areas: 

The U.S. for domestic purposes 

The Northern Hemisphere for U.S. marine and overseas interests 
From this prediction of temperature and pressure, forecasters produce 
forecasts of other parameters of interests, such as rainfall. 

The model is based upon five vector and scaler equations which 

are: 

1. The equation of motion, or the momentum equation, which is 
just the mathematical statement of: 

Acceleration = Coriolis + pressure + effective + frictional 

force gradient gravita- forces 

force tional 
force 


dV ^ X 

■rr" = -2 X V - — Vp + g + F 

dt P 


is the earth's angular velocity 

V is the velocity vector of an atmospheric particle 

p is the atmospheric density 

-> -»■' d i" d ^ d 

V is the vector "del" operator, i ~ + I ~ + h 

p is the pressure 

* ,^2 -»■ 

g is the effective gravity, g + S R 

(where g is the acceleration force due to gravity, 

2 

R is the centrifugal force; fi being the angular 
speed of rotation of the earth, R the position vector 
of the atmospheric particle as measured from the 
origin at the earth's center) 

F represents the frictional forces 




2. The equation of state, which describes the relationship 
between pressure, density ^nd temperature. The ideal 

t 

gas law is assumed; 

I = RT (2) 

where i 

R is the gas constant for air 


3. The thermodynamic equation, which expresses the conservation 
of energy- For a perfect gas the first law of thermodynamics 
is : 


where : 


H dt = c dT + pda 
V 


H is the rate of external heat addition per 
unit mass 


c^ is the specific heat at constant volume 

a=~ is the specific volume 

P 


Using the equation of state (2) and the relationship 

c = c + R 
p V 

where c is the specific heat at constant pressure, we obtain: 

Hdt = c dT “ adp 
P 

Dividing through by T we obtain the entropy form of the law, 


Hdt dT „ dp 

• =dO=c Ot. 

T p T T 


or again using the equation of state. 


H _ d InT d In p 

T ” dt “ ^p dt 


dt 


(3) 
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The entropy change, dQ7dt, is often e^ressed in' terms of the 
change of potential temperature following the motion’. Potential 
temperatxure is defined as the temperatxire which a parcel of dry 
air at pressure p and temperature T would have if it were ex- 
panded or compressed adi-abaticaily to a pressure of 1,000 mb. 
Clearly, the relationship between pressure and temperature 
for an adiabatic e^^sansion is given by setting dQ/dt = 0 in 
(.3). resulting in 

Cp-d (In T) = R d (In p) 

which can be integrated to give an ej^ression for the 
potential temperature 0; 

0 = T (~^) ^ (4) 

Finally, taking the log of this equation we obtain 

dln0 dlnT „dlnp 

*^P dt *^p dt dt 


and comparing this with (3) we arrive at the equation 


dQ dlnO 

dt p dt 


(5) 


Ihis is the form of the first law of thermodynamics used . 
in the NWP models. 


4. The continuity equation 


1 ^ + ^ 0 
p dt 


Here — - denotes the "total" derivative 
dt 


at 


3p 

at 


+ u 


3p 

8x 


+ V 


9p 

8y 


+ w 


9p 

3z 


( 6 ) 


local 

part 


Advective part 





where u,. v, w are, the components of V (eastward, northward, 
and vertical .velocities) . 


Thus for dry air (1), (2), (5) and (6) comprise a complete system 

of six scaler equations in six unknowns u, v, w, p, a, 0. The additional 
equation (4) relates 0 to T. The friction force F and heating rate dQ/dt 
are assumed to be known functions, or ejqjressible in terms of the other 
variables- Hence, in principle, if we know the initial state of the 
atmosphere, all future states 'can be determined by solution of this 
system. 

since the Earth is spherical, this system of equations is written 
in spherical coordinates (1, z) where X is the longitude, <J) is the 
latitude, and z is the vertical distance above the earth’s surface - 
Denoting the radius of the earth by "a," the three component equations 
of (1) are: 


du _ uv tanij) ^ uw 
dt a a 


— + 2J2 V sin 6 - 2Q w cos <^ + F 

p 3x ^ ^ ■ X 


(7) 


dv ^ u tan<{> ^ vw 
dt a a 


1 — - 2^2 u sin ^ + F 

p 3y ^ y 


( 8 ) 


dw _ u -t V 
dt a 


_ „ 
p 3z ^ 


+ 2f2 u cos 6 + F 
^ z 


(9) 


which represent the eastward, northward, and vertical conponent momentum 
equations, respectively. The other equations are unaffected by the 
sphericity of the earth. 

An approximation made in current models is the so-called hydrostatic 
approximation. The rationale for this becomes apparent by rewriting (9) , 
which expresses the vertical component of the momentum equation, and 
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comparing with the order of magnitude of the quantities involved; 

z-Component ^ ^ _ u^+vj ^ ^ _ 

momentum equation dt a . p 8z 


Scales of individual IW' ^ ^ 

terms L 



Magnitudes of the i n'*^ 

teirms Com sec“2) 


-3 3 3 

10 10 10 


Ihe scaling indicates that to a high degree of accuracy the pressure 
field is in hydrostatic equilibrium, that is, the pressure at any point 
is simply equal to the weight of a unit cross-section column of air 
above that point. Thus under the hydrostatic approximation the vertical 
component of the moment-um equation is simply 



Under the assumption of hydrostatic approximation, the primitive 
equations are used conveniently in pressure coordinates- • This is be- 
cause some of the terms in the fundamental equations take a simpler 
form, particularly the continuity equation. This system is called 
the Cx, y, p, t) coordinate system and in it the vertical velocity w 
is replaced by the "vertical" velocity w = dp/dt. These are then the 
primitive equation (PEs) is currently employed - 

It is worth reiterating that both the PE and the LFN modelo use 
these equations : the principal difference being in the finer grid 


interval of the LFN. 
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Relationship between Length and Acctiracy of Forecast and Processing Speed 


Assessment of the Speed of Processing of Current Models 

Models based upon prixtdtive equations require approximately 10,000 
3 60- equivalent computer instructions per grid point. Let us see what 

this amounts to for the currently used largest operational model, i.e., the 

hemispheric PE model. The nimiber n of grid points is: 

2 

2irR j, 

n = ^ (1) 

a 

Where : 

R = mean earth's radius = 6,370 Km 
a = grid separation 
£ = number of levels 


If the iterations reoccur with a cycle T, hours, and the 
forecast period is T hours, the total number of instructions N is: 


2TTR £ T , „4 
N = — “ X 10 


( 2 ) 


If it is desired to generate the T— hour forecast in h computer hours, 
the speed of the machine S in Mips must be; 

Nh 


S = 


2lTR^£Th X 10^ ~ £Th 


3,600 X 10® 3.6 X 10^ a^T a\ 


X 710 


- (3) 


Another useful and equivalent way to express this relationship is 

T 

to introduce the "time acceleration factor, " ^ ^ vT ' which, expresses 


how many times faster than real time is the forecast desired (for example, 
if one wishes a 24-hour forecast in one hOTir, a = 24) , 
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This yields; • 

~ 

S(I4IPS) = 710 • (4) 

a at 

Fo.r the current ee- hemispherical model; 

a = 380 Km 
£ = 6 levels 

T = 0.1 hours 

The computer speed equation becomes; 

2 

S(MIPS) = 0.3 T h = 0.3 — (5) 

a 

For example, a 24-hour State of the Atmosphere forecast (5^=24) in. 
one hour (h=l) will require a machine speed of approximately 7.2 MIPS. 

This is the approximate speed of the 360/195 used at IIMC for 
weather-type code; one hour is also approximately the time "required to 
corplete a 24-hour forecast. 

To the computer processing time must be added; 

1) the time required for the assimilation of data, which is 
approximately constant regardless of the length of the forecast, and 
which is of the order of one hour on the 360/195; 2) the time required • 
for generating the State of the Weather forecast at NMC. This is dependent 
upon the difficulty of the weather situation and on the skill of the 
human meteorologist. It ranges from one to two hours; 3) the transmis- 
sion time to the WSFO's, v/hich is small; 4) the time required for the 
WSFO's to adapt the NMC information to the local conditions, which can 
range from one-half to two hours; 5) the time required for dissemination, 
which is also relatively small, of order minutes to specialized user 
for severe weather phenomena to one-half hour for priblic dissemination. 
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The computer processing time for the basic State of the Atmosphere 
forecast is thus not a critical element with the current PE model. It 
is in fact most critical for the 24-hour forecast, gradually losing 
criticality for the longer ■ forecasts. 

This apparent balance between computer speed and model complexity 
is, however, brought about by force of circumstances: the model is ap- 

•N 

proximately as complex as the best available computer can hcindle. To 
obtain a perspective of the actual situation, let us look at what are 
the critical items apt to improve the State of the Atmosphere forecast. 

Factors of Improvement of State of the Weather Forecast , and Their 
Tmpact on Processing Speed 

It is difficult to determine exactly the relative importance or 
priority of the many causes of error in numerical predictions. This is 
partly because the sources ^ of error are not independent of one another; 
partly, because their relative importance depends on model details, on 
the forecast range and region in question, and on the particular veri- 
fication measures employed. 

In fact, a considerable divergence of opinion did exist in the 
past within the meteorological commxmity: whether it was more efficacious 

to devote resotirces to gathering more and more exact data, or to improving 

, ' t 

models. The proper answer is: both are important; in fact, one will 

not work without the other. The listing pf Table 4, compiled partly by 
computation, partly by e3q>erience and from experimentation is reasonably 
accepted. It should be considered as indicative rather than exact- 
Note that the principal improvements, in order of descending priority, 'are 


attributed to: 
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TABLE 4 

FACTORS CONTRIBUTING TO THE IMPROVEMENT OF THE 24-HOUR 
WEATHER FORECASTS AT THE 500 irib LEVEL 


CORRESPONDING ESTIMATED 


PRIORITY 

ITEM 

ERROR VARIANCE 

1. 

Horizontal resolution ; fine 

mesh vaus. 390 Km. mesh 

35% 

2. 

Accounting for mountains vsus. 
smooth earth 

27% 

3. 

Accounting for precipitation vs. 
no precipitation 

18% 

4. 

High vertical resolution vs. six 
vertical levels 

15% 

5. 

Improvement of observing system 

13% 

6. 

Addition of horizontal eddy 
viscosity vs. no viscosity 

11% 

7. 

Addition pf surface drag vs. no 
siurface drag 

8% 

K 

8. 

Convective adjustment vs. no 
adjustment 

6% 

9. 

Correction of initialization 
errors 

4% 

10. 

Accounting of radiation vs. no 
radiation 

3% 

11. 

Inclusion of rough mountains vs. 
smooth mountains 

3% 

12. 

Abrupt vs. gradual precipitation 

2% 

13- 

Artificial boundaries 

2% 

14. 

Sophisticated vs. crude surface 
drag 

1% 

15. 

Nonlinear vs. linear viscosity 

1% 

16. 

Time integration schemes 

1% 
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1) Tightening of. the horizontal and vertical grid: approximate 

improvement j 38% 

2) Improvement of the model: approximate improvement: 36% 

I 

3) Improvement of the observation system: approximate 

improvement: 13% 

Reduction of the grid dimensions has major impact on the computer 
speed. Suppose in fact that the horizontal grid is reduced by a factor 
of k. To fully benefit from this finer mesh, the vertical grid spacing 
need also to be reduced: not in direct proportion, but approximately as 

Likewise, the time steps need be reduced to match the finer spatial 
structTire: this reduction is also of order v^. 

From (3)., we see- that the required computer speed then increases 
by: 

2 ^ 3 

k (horizontal grid) x (vertical grid) x (time cycle) = k 

A reduction of the horizontal space grid by a factor of 2 thus 
requires a machine speedup of a factor of 8. 

From (^.). , maintaining the computation time constant, we see that 
this involves computer speeds of the order of 7 x 8 = 50 to 60 Mips. 

Or conversely, the processing time for data assimilation and model rxan 
would cliirib to ‘approximately 8 hours each (a total of 16 hours) , which 
when added to the other lead times would essentially invalidate the 
24-hour forecast. 

Note that; 1) Improvements of the observation system are less 
significant than tightening of the grid; 2) inprovements in the model 
act likewise; their introduction would, however, ftirther increase the 
processing speed requirements . It is in this sense that computer 
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perfonnance is critical to future iirprovements of the weather forecast 
procedure. 

Prospects for Higher Speeds 

From 1950 to 1972, the speeds of the fastest (Top of the Line, or 
TOL) , commercial computers speeds increased on the average by /2 yearly, 
or, equivalently, doubled every two- years. Since 1972, this trend has 
slowed down considerably. 

a. IBM’s TOL, the 360/195, running at approximately 7 Mips 
on weather code, has not been topped in IBM’s line. In 
fact, the fastest machine of the 370 series is somewhat 
slower, 4 to 5 Mips. IBM has not indicated any plans to 
produce faster machines in the near future. 

b. CDC’s classical high speed line has also stopped with the 
7,600, capable, bn weather code, of up to 8 Mips. No 
anno-uncements have been made of any faster general-purpose 
product. 

c. CDC's STAR is somewhat of an anomaly; in that it runs at 

r 

very high speed (100 Mips) for "perfect" code composed of 
only additions : on complex, high-entropy code its speed 

drops to approximately 3 to 4 Mips. On weather code, it 
has been rated at approximately 15 Mips: however, the 

difficulties of programming have slowed its introduction - 

d. The TI aSC is capable, on weather code, of up to approximately 
20 Mips. No announcements have been heard as to faster 
machines . . 

e. The ARPA-funded ILLIAC IV is capable of approximately 

40 to 50 Mips on weather code: it is, however, a one-of-a- 

Icind device: no. plans have been forthcoming for its intro- 

duction- to the market. 
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f. Foreign machines are even slower than these: for example, 

the nearest potential competitor, the Soviet BESM-10, which 
was indicated to be capable of 10 Mips and projected to be- 
gin operations in 1973, has not yet appeared. 

A basic commercial reason for this slowdown is the sparseness of 
the' market for these high speed applications , and the current preference 
to use preprocessors whenever possible. These devices can operate. very 
fast, up to several hundred Mips, on low-entropy code. 

A major task for the Surveys and/or the Trades effort is thus to 
investigate the major manufacturer's plans for producing high-speed . 
machines; should this prove disappointing, to investigate the applica- 
bility of preprocessors to weather code and the current efforts in this 
direction. 

Efforts of Model Improvewent 

The principal organizations active in the development of improved 

State of the Atmosphere and Weather models are shown in Table 5. 

The principal Models xrnider development are: 

Group- I 

a) GFDL Global 9 -level Atmospheric Model , 

b) GFDL Global 18-level Atmospheric Model using Modified 
Kurihara Grid 

c) GFDL Global Joint Ocean-Atmosphere Model 

d) GISS Global 9-level Model 

e) NCAR Global Multi-Level Model 

f) RAND Global 2-Level Model 

Group II 

a) HRC Global 5-Level General Circulation Model 

b) , MO Global 5— Level General Circulation Model 
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TABLE 5 

PRINCIPAL U.S. AND INTERNATIONAL ORGANIZATIONS ACTIVE 
IN THE DEVELOPMENT OP IMPROVED STATE OF THE ATMOSPHERE • 
AND STATE OF THE WEATHER MODELS 

Geophysical Fluid Dynamics Laboratory (GFDF) , NOAA, USA 

Goddard Institute for Space Studies (GISS) , NASA, USA 

National Center for Atmospheric Research (NCAR) , USA 

World Meteorological Centers (WMCs) - Part of the World Weather 
Watch (WWW), program. Three Centers at: Washington, DC; 

Melbourne, Australia^ Moscow, USSR 

Rand Corporation, USA 

MIT, USA. 

UCLA, USA. 

Lehigh Univ. , USA 

Hydrometeorological Research Center (HRC) , USSR 
Meteorological Office, UK 
Universities Modelling Group, UK 
Electronic Computation Center, Japan 
Institute of Meteorology, Sweden 
Meteorological Research Institute, Japan. 

Novosibirsh Computer Center, USSR 

Commonwealth Meteorology Research Center, Australia. 

Institute for Theoretical Meteorology, Denmark 
National Hinrricane Research Lab, NOAA. 
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c) UMG 5-Level General Circulation Model 

Group III • 

< a) LU .Global Short-Term 2-Level Prediction Model Using 
Telescoping Grid 

b) ECC Hemispheric 4-Level Model 

c) IM MISU Hemispheric 10-Level Model 

d) MRI Global 3-Level Model 

Group IV 

a) NCC Hemispheric Extended-Pange Prediction Model Using 
A Priori Known Climatology 

b) CMRC Global 5-Level Spectral Level 

c) HRC Hemispheric 4-Level Spectral Model 

d) ITM Hemispheric Spectral Model 

A brief description of the principal characteristics' of these models 
follows ; 

Group 1 models use primitive equations; n'uiiiber of vertical levels 
ranges from 2 to 18; integration is made over the global domain. All 
use finite-difference techniques and possess various degrees of para- 
meterization of the atmospheric boundary layer, cumulus connection, radiation 
and topography. The water vapor equation is also incorporated to compute 
the large-scale precipitation and release of latent heat. Few models 
treat gro'und hydrology and ocean coiipling (joint atmosphere — ocean model) , 
which are important for climate simulation. They have generally been 
well tested and used for short-and extended-range weather prediction, 
four-dimensional assimilation, observing system simulation ejqieriments , 
and several circulation and climate studies. 

Group II models use primitive equations , solved by finite difference 
techniques, They possess five vertical levels and are global and/or 



heinispheric in scope. 

Group III models employ primitive equations, hemispheric or global, 
■with vazrying vertical resolutions. They differ considerably in their 
way of treating physical processes. Most are aimed at 1 to 5 day fore- 
casts . 

Group IV models use the primitive equations. Three models are 
hemispheric; one is global, but is lised mainly for hemispheric experi- 
ments. The salient feature of these models is the utilization of spectral 
techniques I for three of .the models, in the horizontal dimension, and 
for. one, in- all three space dimensions. The physical processes are 
incorporated in a rather simple manner - a few models' do not treat physical 
processes at all. Large-scale water vapor transfer is not included in 
any of these models. 

as a gross indication, the requirements imposed on machine speeds 
by greater modeling sophistication, within the current state of knowledge, 
amount to approximately doubling or tripling the number of computer 
instructions per grid point. As has been shown, however, the largest 
improvement in weather forecasting derives from tightening the spatial 
and tenporal grid. This presents the major impact upon machine speed. 
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DESCRIPTION OF THE METEOROLOGICAL DATA COMMUNICATIONS NETWORKS, 

1. FEDERAL AVIATION ADMINISTPATION DIGITAL DATA COI'U-IUNICATIONS 

The FAA’s Modernized Weather Digital Data Communications System con 
solidates the circuit control and relay functions of Services A., C, and 
0 into a single Weather Message Switching Center (W'iSC) at Kansas City. 
These functions are performed automatically by computers combined to 
operate as a real-time store and fojnrard communications switch. All Ser 
vice A and C circuits extend directly into the computer switch: others 

from overseas points pass through the Aeronautical Fixed Telecommunica- 
tions Network s\/itch which is collocated and interconnected v;ith P?MSC, 
Computer-to-computer links provide for the exchange of data between VMSC 
and the National Meteorological Center (NMC) at Suitland and between 
VMSC abd the Air Force Automated Weather Netv/ork switching facility at 
Carswell AFB, Tex. 

The circuits of the Modernized Weather Digital Data Communications 
System • are : 

o Service A Area Circuits: 

(a) Sixty-four 100-words per. minute (wpm) multipoint half-duplex 
circuits dedicated to jaeet the collection and routine distribution re- 
quirements of the FAA and NWS user. • Users whose needs are compatible - 
v;ith those of FAA and N>7S may obtain receive-only drops on these cir- 
cuits . 

(b) Eighteen 100-v;pra multipoint half-duplex polled circuits .de- 
dicated to meet N£*IS's collection and routine distribution requirements. 
Users with compatible needs may obtain receive-only drops. 
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o Service A Request/Reply Circuits z 

Forty~five 100-wpra half-duplex circuits parallel the Service A 
Area Circuits to enable Government flight briefing facilities to obtain 

r 

information not routinely transmitted on- -these circuits'. 

o Service A Ix3v/-Speed Nongovernmental Circuits: 

Sixteen 100-^^^m multipoint circuits for distributing data to 
nongovernment users whose needs are not satisfied by the area circuits, 
principally airlines . 

o Service C Area Circuits: 

Twelve 100-wpm multipoint half-duplex circuits for collecting and 
distributing basic meteorological data to serve both qovernment and 
nongovernment users . 

o Service O Area Circuits: 

67- and 100-v^m multipoint half-duplex circuits for collecting and 
distributing international meteorological data to government "and non- - 
government users. 

o Depart of Defense Circuits: 

Fifteen 100-v^m multipoint circuits and two 100-v^m point-to-point 
circuits for distributing selected civil environmental data to military 
customers in the continental. U.S. 

o Ueather Service Forecast Office Point~to~Point Circuits: 

Fifty-three 100-wpm full-duplex circuits to the WSFOs transmit 
forecast products to WMSC and receive supplementary weather data by 


WSFOs. 



o Non^overimient Medium-Speed Circuits: 

1,200 bits per second (bps) and 2,400-bps multipoint receive-only 
circuits for distributing Service A, C, and O data to very high volme 
airline and other nongovernment users whose needs cannot be satisfied 
by low-speed circuits. 

o High- and Medium-Speed Links: 

2,400-bps full-duplex computer-to-coirputer circuit for exchanging 
Service A, C, and O data between tJUSC and NMC. 

1,200-bps full-computer- to-computer circuit for exchanging Service 
A, C, and O data between WMSC and the Air Force Air Weather Service, 

1,200-bps full-duplex "Notice to Airmen" circuit between WMSC and 
the National Flight Data Center. 

1,200-bps full-duplex point-to-point circuit for distributing 
Service A, C, and O data to the’ EAA.'s Central Flow Control Facility. 

2,400-bps full-duplex computer-to-computer circuit for exchanging 
Service A, C, and O data to the NSSFC. 

2,400-bps full-duplex computer-to-computer circuit for exchanging 
Service A data between the Aviation Weather and NOTAM System and V7MSC. 

2,400-bps full-duplex computer-to-computer circuit for use in 
developing pilot self-briefing techniques- 

2. DEPARTMENT OP COMMERCE'S DIGITAL DATA COMMUNICATIONS 

o Radar Report and Warning Coordination (RAN ARC) Teletypewriter 
Network: ■ 

Collects and distributes radar, reports and storm warning infor- 

* 

mation. RAWARC comprises five^ circuits terminating at the Radar 



Analysis and Development Unit in Kansas City and- at the automated relay 
center in Suitland, Md. The only regularly scheduled operation on 
RAWARC is an hourly collection of radar reports which is relayed to 
-other circuits as required-. Otherwise, RAWARG traffic is basicaily un- 
scheduled and is handled according to a priority system. 

o NOAA Weather Wire Service z 

Described under the section on Dissemination of Weather information 
to users. 

o Special Coimunicatlons Links Between Guidance Centers: 

High-speed alphanumeric and graphic computer link betv/een NMC/NESS 
and NSSPC. 

o International Circuits: 

Eleven international circuits augment FAA's Service O circuits to 
exchange meteorological data among the U.S. and Canada, the USSR, Cuba, 
Great Britain, Japan, Mexico, Brazil, the Central American nations, 
Argentina, the Bahamas, Jamaica, and South Africa. These include a 
Washington-Toronto high-speed circuit, a Washington-Koscow circuit for 
exchange of satellite information, a Washington -Central American loop, 
a Washington-Mexico low-speed circuit, a Washington-Buenos Aires low- 
speed circuit, a Washington-Bahamas low-speed circuit, a V7ashington- 
Jamaica low-speed circuit, a V7ashington-South Africa high-speed cir- 
cuit, and three other circuits — VZashington-Eracknell (Encrland) , 

Washing ton-Tokyo, and Washington-Brasilia - that are part of the VJorld 
V 7 eather watch, main, trunk circuit.. The Washington-Bracknell circuit .is. 
also' used to exchange facsimile charts. 
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. o Radio Circuits -- V/eather messages and observations from ships 
at sea ate- transmitted by radio, primarily by Morse code, to shore-based 
radio stations and tHence relayed to NMC via the Teletypewriter Exchange 
Service, international communications carrier facilities, and Coast 
Guard circuits. More than 1,000 Marine observations are automatically 
processed, separated geographically and consolidated into bulletins each 
day for distribution on domestic and international meteorological com- 
munications facilities. 

o Alaska VHRR and GOES Satellite Distribution Circuit: 

Microwave circuit from the NESS site at Gilmore Creek, Alaska 
furnishes satellite pictures to the NSFOs at Fairbanks, Anchorage; it 
then continues onward via satellite to furnish the signal to KSFO 
Juneau , Alaska . 

3. DEPARTt-IENT OF DEFENSE DIGITAL DATA COMMUNICATIONS 
o Automated I7eather Network: 

This network, operated and maintained by the Air Force, is the 
backbone of the military weather communications system. It comprises 
four real-time communications switching computers at Carswell AFB, Tex. , 
RAF Croughton, England Puchu Air Station, Japan, and Clark Air Base, 
Philippine Islands, linked by high-speed data circuits. The overseas 
Automatic Digital Weather Sv/itches collect data from radio intercept 
sites and lov7~speed feeder circuits. These data are transmitted at 
3,000 wpm to the continental U.S. switch at Carswell TVFB w’here the in- 
formation is examined, sorted, edited, compiled into specific vreather 
messages, and switched to military and civil customers. Besides low- 
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speed distribution to DOD v/eather units , data are transmitted by high- 
• speed circuits to the AFOTC the Navy's FNS'JC, IlMC, and the VJMSC at 
Kansas City. All circuits are full-duplex, penrdtting a total exchange 
of data that include reports from field units to military and civil pro- 
cessing centers and products from these centers to the field units. 

o Continental United States lleteoxolocrical (COMET) Teletypewriter 
System;' 

This is currently the primary communications system for collecting 
editing, and disseminating environm.ental data at military stations in 
the U.S, It consists of three teletypewriter networks, each subdivided 
into eight geographical areas. The COMET I network consists of half- 
duplex 100-wpm loop circuits used for collecting and disseminating air- 
ways data. The COMET II network consists of two half-duplex 100-wpm 
loop circuits. One circuit (COMET IIA) is used for collecting data, 
while the other (COMET IIB) is used for disseminating operational 
weather products and data. The COMET III netv/ork consists of half-du- 
plex 300-vpm broadcast circuits used for disseminating synoptic and 
customer tailored data. Polling for data collection on COMET T and 
COMET IIA and for disseminatino data over COMET IIB and COMET III are 
■ controlled by the 1108 computer at Carsv/ell APE . 

o Continental United States Mateoroloyical Data System (COMEDS) : 

- This network is beina implemented as the primary communications 
system for the collection and dissemination of environmental data at 
military stations in the U.S. COMP.DS should soon replace the existing 
COMET. COMEDS v.'ill consist of 19 regional loop circuits operating at • 
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1,200 words per luinute,’ full-duplex, v;ith approximately 25 terminals 
each. The circuits will be controlled by the on-line 1108 computer at 
the Air Force Automated Digital Weather Sv^itch at Carswell AFB, Tex. 

o Naval Environmental Data Network; 

Provides the dissemination of meteorological and oceanographic com- 
puter products from FW'JC at Monterey to specially equipped locations 
in the U.S-. and overseas. The network provides for rapid collecting, 
processing, disseminating, and displaying of environmental data and 
consists of on-line telecommunications equipment, automated display 
devices, digital computers, and associated circuitry. 

4. DEPARTMENT OF COMMERCE FACSIMILE COMMUNICATIONS 

DOC is responsible for the basic facsimile circuits, including 
those that fulfill international commitments. DOC 's facsimile net- 
works serve different users in different geographical areas; they 
include long-line and radio systems. 

National Facsimile (NAFAX) Network; 

This long-line netvjork which extends throughout the U.S. dis- 
tributes a comprehensive set of charts depicting analysis, forecast, 
and selected observational data to civil and military V'SO's and to 
various other users. Basically a gr-aphics network, NAFAX serves ap- 
proximately 250 NVJS offices, 450 military and civil governm.ental of- 
fices, and nearly 350 nongovernmental users — more than 1,000 drops 


overall. 
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Exception for .the radar svuranary charts prepared by the WSSFC and 
digitized cloud pictures prepared by NESS, all materials originate at 
NMC. 

National Aviation Meteorological (NAMFAX) Network: 

A long-line network which provides selected civil and military 
weather offices v/ith graphic guidance materials, including satellite 
products, to support international high-altitude aviation operations. 

The network operates at 120 and 240 scans per minute with automatic 
selection of speed and mode as a function of the type of product being 
transmitted. The network extends to the U.S. borders, and carries 
products to Alaska for relay to the Intra-Alaska facsimile netvrork. 

The network also extends selectively to Canada, Mexico, San Juan, Curacao, 
and Nassau. 

Forecast Office Facsimile (FOFAX) System: 

A long-line network which distributes 1) NMC forecast guidance ma- 
terials and NESS satellite products to the \?SF0s; 2) NESS-prepared SMS 
pictures and digital mosaics obtained from satellite pictures. FOFAX 
operates at 120 or 240 scans per minute and has automatic selection of 
speed and mode . . 

Tropical Regional Analysis Facsimile Circuit (TROPRAN) : 

A long-line network which distributes tropical area analyses and 
prognoses. It carries: 1) NMC products for use by the NHC; 2) NESS 

tropical-area satellite data to all users on the circuit; 3) charts 
manually prepared by NFIC to NMC for r.elay to the Caribbean HP radio 


broadcast from Brentwood, N.Y., and to FOFAX. 
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tntra-Alaska Facsimile Network: 

A system of microwave, troposcatter , satellite links, cable, and 
hiqh-frequency radio facilities' used to distribute graphic materials 
throughout Alaska. Charts prepared by WSFO Anchoraae, and charts re- 
ceived from NMC are sv.'itched automatically into the Network, At pre- 
sent the Intra-rAlaska Facsimile Network serves 11 NOAA, one Coast 
Guard, three FAA, 13 DOD offices, plus private users. FAA and NOAA 
fund the portion of NAMFAX which connects to Alaska, via a satellite 
channel from Valley Forge, Pa., to Talkeetna, Alaska. NOAA provides 
approximately 90% of the funds for circuitry within Alaska, and DOD 
the remainder. Portions of the backside of the intra-Alaska facsimile 
network are employed to deliver tsunami and tide gage information to 
the Palmer Observatory in Alaska. 

5. OTHER FACSIMILE BROADCASTS 

International radio facsimile meteorological broadcasts are trans- 
mitted via leased commercial HF radio facilities. These broadcasts are 
beamed primarily tov;ard the Caribbean, Central America, Sotith American, 
and southwest Pacific areas. 

Several facsimile broadcasts are relayed through the NASA satellites 
ATS 1 and 3, and the SMS/GOES systems. 

Marine HF radio facsim.ile meteorological broadcasts , intended pri- 
marily for reception by ships at sea, are transmitted from the U.S. 

West Coast via Coast Guard facilities. A special HF radio facsimile 
service is provided to the Pacific coast and high seas tuna fleet by 
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by NOAA-Scripps Institution of Oceanography, Padio Station W7D, at La 
Jolla, California. . • • 

Real-time reconstructed radar images consisting of weather echoes 
with added handwritten annotations and geographical overlay are trans- 
mitted in facsimile from the 35 KSR-57 radar sites currently equipped 
with transmitters. The two operational modes employed are hard-wire 
private line circuits leased from common carriers and direct-distance 
dialing. Either service is available to interested government and non- 
government users on a cost-basis. 

6. DEPARTMENT OP DEFENSE FACSIMILE COMMUNICATIONS 

DOD is responsible for circuits fillina unique military require- 
ments . 

Strategic Facsimile Network: 

A landline and microwave net that extends to selected DOD users at 
approximately 70 U.S. locations.. AFOTC at offutt AFB is the transmitting 
facility. The Strategic Facsimile Netv7ork supplements DOC's facsimile 
system by providing specialized graphical data oriented to military opera- 
tions. It is used primarily to support the readiness of U.S, strategic 
weapons forces and secondarily to support airlift and tactical forces. 

The Network operates at 120 or 240 scans per minute. Host products are 
computer-generated and introduced into the system through diqital-to- 


analog converters. 
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Overseas Facsimile. Kett’oiks: 

To satisfy the needs of military customers overseas, AFGWC trans- 
mits specialized products to European locations over the European Fac- 
simile Network (EURFAX) and to the Pacific over the Pacific Facsimile 
Network. The Pacific netv/ork operates at 120 or 240 scans per minute 
while EURFAX operates at 120 scans per minute. The Air Force has a 
program to upgrade the EURFAX system with modernized recorder hardware. 
Most products are generated by AFGWC; a limited number of specialized, 
manually prepared products are injected into EURFAX by the European 
Tactical 'Forecast Unit at Kindsbach, Germany, and into the Pacific 
network by the Asian Tactical Forecast Unit at Yokota Air Base, Japan. 

Fleet Weather Broadcasts: 

The Naval Communications System supports the Naval Weather Service 
in its requirements for specialized operational communications. Meteo- 
rological traffic is handled in the same manner as other Navy traffic; 
no center or unit is dedicated exclusively to meteorological communica- 
tions. Meteorological information is transmitted to Naval operating 
forces via radio iCVl, teletypewriter, and facsimile) broadcasts. De- 
signated Fleet Weather Centrals. are responsible for contents of these 
broadcasts which include observations, analyses, .forecasts, and warnings 
In preparing broadcasts ,. the centrals and facilities make use of their 
o^m specialized products, those from FNWC, and, to the extent possible, 
products from the Basic Meteorological Service and data from DOD's Auto- 


mated Weather Network. 



ESTIMATION OF DATA LOADS FOR 1985 ERA WE2iSATS 


This report is in presentation format 



ESTIMATION OF DATA LOADS FOR 1985 ERA l?EASATS - 


CONSIDER THE 3 PRINCIP.U FUNCTIONS ; 

o iASlC ATMOSPHERIC PARAMETER MEASUREMENTS - SIMILAR TO THAT PER-^ 
FOR^ED BY CURRENT POL^ SATS, BUT EXPANDED TO REFLECT TECHNICAL 
I^^PROVE^E^^^S 

o CLOUD 'COV'ER ^EASURE^ENTS - SIMILAR TO THAT PERFORAED BY GOES, 
BUT INEROIED 

o SEVERE STORM MONITORING AND TRACKING - NOT CURRENTLY PERFOR^ED 
ESTI^LATE DATA LOAD FOR EACH. 

DETEPvMINE DRIIERS - 

CHECK DATA LOAD OF SECONDARY FUNCTIONS FOR SIGNIFICANCE - ADD ONLY IF 

significant. 
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1985 BASIC 1VEASAT DATA LOAD MODEL 


CHARACTERISTICS; 90 KM MESH, HEMISPHERICAL COVERAGE, 12 LEVELS, RE- INI- 
. TIALIZATION INTERVAL 1 HOUR, 

MEASUREMENTS; PRESSURE AND TEMPERATURE 
NO. BANDS: 8 CUSED CURRENTLY] 

DATA CONTENT: 12 BITS PER MEASUREMENT PER POINT PER BAND, PLUS 2 BITS 

• FOR IDENTIFICATION CSYNCH.) - TOTAL 14 x 2 = 28 BITS; x 

• .8 BANDS = 224 BITS /POINT 


TOTAL # BITS PER DUMP (1 HOUR] CR = EARTH'S RADIUS = 6,370 KM): 


2t;R^ 


90 


X 12 LEVELS X 224 = 84.6 M BITS 


IF DUMPED CONTINUOUSLY; ‘ 23.5 KB /SEC 

ADD MISSION-RELATED LOAD: :: 2.5 KB/SEC 

•TOTAL DATA RATE: ~ 26 KB/SEC 


ISSUES ; 

1. SENSORS ARE ASSUMED TO HAVE PROGRESSED TO CAPABILITY OF ROUTINE 
J.IEASUREMENT OF TEMPERATURE, PRESSURE - ONLY PARTIALLY PERFORMED 
NON FROM POLAR SATS , 

2. NO PROBLEM IN SPACE-TO- GROUND LINK IF SAT IS SYNCHRONOUS 

3. ONBOARD STORAGE IF SAT IS OF THE POLAR TYPE COPERATIVE NOW] - 
STORAGE SIZE (APPROXIMATELY 10 HOURS OF DATA] : 

26 KB/SEC X 36,000 = 10® BITS 


4. SAT-TO- GROUND LINK FOR POLAR SAT BECOMES: 
10® BITS (STORAGE FOR 10 HOURS] 


800 SEC (Tim OF VIEW] 


= 1.25 M BITS/SEC 
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5, TpRS .RELAY PROBLEM IF SAT. IS POLAR 

6, GROUND DATA TRANSMISSION OF POLAR SAT DATA FROM STATION TO 
CENTRAL (NOW E 48 KHZ) MUST GROW FOR POLAR SAT TO ALLOW DUMPING 
TO CENTRAL WITHIN APPROXIMATELY 15 MINUTES TO ALLOW TIMELY INI- 
TIALIZATION 

9 

DUMP TO CENTRAL: S 1,1 M BiT/SEC. 

15 X 60 SECS 

7, THERE IS AN IMPACT ON THE ASSIMILATION SYSTEM AT CENTRAL - BE- 
CAUSE THE SAT. DATA DUMP GROWS FROM 48 KHZ TO 1.1 M BIT/SEC. ’• 
THE IMPACT IS HOWEVER NOT LINEAR (OR PROPORTIONAL) BECAUSE TTIE 

• NON-SAT DATA ARE STILL BEING COLLF.CTED. 

8, THE Vm DATA, IF SATELLITES REACH THESE CAPABILITIES, NEEDS TO 
BE COLLECTED IN BULK AND REAL-TIME RATHER THAN SUMMARIZED AND 
DELAYED. IMPACT ON INTERNATIONAL GROUND LINES. 

9, POTENTIAL TDRS RELAY PROBLEM FROM OTHER 2 (POSSIBLY NON-U. S.) 
SYNCH, SATS, j 
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CLOUD COVER DATA REQUIREMENTS ^ HYPOTHESIZED 1985 SYNCHRONOUS SYSTEM - 

EVOLUTION OF CURRENT GOES 

REQUI]REMENT FOR PRECISION OF CLOUD COVER FEASURa-lENT.: ±5% DCfiVN TO 20% COVER, 

OVER. A CELL S-I-2E OF 1,000 KM^ ' 


200k 
e% 

vir 

k = INTERPRETATION CONSTANT V. 1 

h = RATIO OF TOTAL CLOUD AREA TO RESOLUTION ELE^ffiNT AREA 
e%= PERCENT ERROR IN MEASURING CLOUD COVER 


HENCE: 


h 


4 X lO'^' k^ 

2 ’ 

Ce%) 


IF k ^ 1, e% = S DO’A'N TO 20% CLOUD COVER: 


h = 1,600 

LINEAR RESOLUTION REQUIRED, x = / ^ = 0»35 KM 


1985 RESOLUTION REQUIREMENTS; 

X AT VISIBLE S 0.35 KM 

CCURRENT 0.8 § 8 KM) 

T AT IR " 4 KM 

SATELLITE COVERS ~ ^ OF EARTH’S SURFACE IN 10 MIN ' [NOW IT COVERS ~ 1/4 
EARTH SURFACE IN 18,2 MIN.) 


NOTE: 10 MIN REACTION TIME IMPROVES KNOWLEDGE OF WINDS AND IS CONSISTENT 

KITH ASSU^ED 90 KM MESH IN MODEL. 


NO. LEI^ELS: 16 = 4 BITS 
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AREA OF 1/4 EARTH'S SURFACE; 127 X 10^ KM^ 

, • ' g 

NO. OF RESOLUTION ELEMENTS: = 6,38 X 10^ 

CO, 35} 

NO. OF BITS; 6.38 X 4 X 10^ = 2,55 X 10^ BITS 

Q 

9 Y 10 

DATA RATE: = 4,25 MB/SEC, 

CIOMIN} X C60 SEC} 

ISSUES: 1, NO PROBLEM SPACE ^TO-GROUND LINK EXCEPT MORE SYSTEM ERP. 

2, IF MORE THAN 1 SYNCH. SATELLITE, COMMUNICATIONS VIA TDRS ' 
MAY PRESENT PROBLEM. 

3, INCREASE GROUND DATA RATE COR PREPROCESSING AT GROUND SITE}. 

4, IF SATELLITE IS USEFUL ONLY FOR INITIALIZATION: IMPACT ON 

ASSIMILATION SYSTEM - 

5, IF SATELLITE IS USEFUL ALSO FOR RAIN ANNOUNCEMENTS, GROUND 
SYSTEM MUST OPERATE IN REAL TI^E - I.E. 0.5 TO 1 HR MAX. 
END-TO-END FROM PROCESSING TO DISSEMINATION. 
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HYPOTHESIZED 1985 SYNCHRONOUS STORM SAT. 

TORNADO ADVISORY 

NO. OF TORNADOES IN U.S. AVERAGE; 630/VR, 

NO. OF TORNADO- DAYS U.S, AVERAGE; 158/YR. 

THEORE-T-ieAIi AL'ERT STATUS”: 43% OF THE tl^ - HOliEVER SINCE OCCURRENCE IS 

RANDOM, ESSENTIALLY 100% OF IHE TIME, 


TENfPORAL DISTRIBUTION OF TORNADOES OVER U.S. (jR-OUNDED) : 


JANUARY 

2% 


FEBRUARY 

4% 


MARCH 

10% 


APRIL 

15% 


MAY 

23% 


JUNE 

18% 


JULY 

10% 


AUGUST 

5% 


SEPTEMBER 

S% 


OCTOBER 

3% 


NOVEMBER 

4% 


DECEMBER 

2% 


TOTAL 

103% CROUNDOFF ERROR) 


SPATIAL DISTRIBUTION OF TORNADOES OVER U.S. : 


AREA 1: TX, 

OKLA, ARK,, KAN., MO., NEB., IOWA: 

53% 

AREA 2; LA. 

, MISS., ALA., GEO., TENN,, FLA.,; 

15% 

AREA 3: SO.D., MINN,, WISC. , MICH,, ILL., IND,,: ' 

14% 

AREA 4: KY. 

, OHIO, PA,, VA., W., VA., N.C., S.C., MD. , NY., 

DEL.,: 9% 

■ AREA 5: MONT,, N.D., WO., COLO., N.M. 

5% 


REMAINDER: ' 4% 

100 %-:? 


TOTAL 
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TEMPORAL DISTRIBUTION DURING DAY: PEAKS BEHYEEN 3 TO 7 PM 

HENCE: PEAK ALERTS MARCH THROUGH SEPTEMBER, AFTERNOONS. 

TORNADO SPEED, ^^EAN: 48 TO 64 KM/HR ( AVERAGE 56 KM/HR) 

PEAK: 112 KM/HR. 

TORNADO SIZE: lOOM TO 1.5 KM 

PATH LENGTH: AVGE. : 26 KM 

MAX.: 352 KM 

TORNADO PERMANENCE TI^{E: AVGE. 28 MIN, 

56 

MIN, : • 14 min 

112 KM/HR 

DETECTION-TO-WARNING TIME: ~ 5' 

SCAN THE TO DETECTION: ^ 2,5» 

AREA OF IMPORTANCE: 80% OF U,S., 6.4 x 10^ KM^ 

RESOLUTION: ^ 300 M CPOSSIBLE WITH 16 LEVELS = 4 BITS) . 

DATA RATE: - X — ^ ^ — X 4 BITS = 1.9 M BITS/SEC 

C2.SMIN) X C 60 SEC) 

ISSUES: 1, NO GROUND SYSTEM IS IN EXISTENCE FOR RECEPTION, PROCESSING, 

IMPACT PREDICTION, DISSEMINATION 

2. GROUND SYSTEM TURN-AROUND TIME 

3. ■ COST/BENEFIT OF DAMAGE VERSUS WARNING TIME MAY HELP IN 

RELAXING SPECS * 

4. PROBABILITY OF SEEING SMALL TORNADOES IS QUESTIONABLE (CLEAR . 


AIR FORMATION) . 
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OTHER tyEATHER REQUIREMENTS 
. CSATELLITE OBSERVATIONS') 

surface winds . 

NOW EXTRAPOLATED. FROM ; CLOUD- -MOTION.; 

FREE TRANSPONDER BALLOONS (FRENCH EOLE SYSTEM) 

DATA RATES RELATIVELY SMALL 

SOIL MOISTURE 
2 REQUIREMENTS:' 

1. FOR IMPROVED WATERSHED MODELING; SEE WATER AVAILABILITY 

2, FOR CROP FORECASTING: RESOLUTION COMMENSURATE WITH ABOVE 

DATA RATES AND IMPACT ARE LESS SIGNIFICANT THAN THOSE FOR IMPROVED 
CLOUD COVER, OR TORNADO WARNING. 

Insolation 

IN CLEAR AIR, INSOLATION IS THE CO^ffLEMENT OF CLOUD COVER. 

IN TURBID AIR, AEROSOL MODEL NEEDED. 
data RATES RELATIVELY SMALL 

SOIL TEMPERATURE 
2 REQUIREMENTS: 

1. FOR IMPROVED WATERSpD MODELING, TO PERFECT COMPUTATION OF 
EVAPOTRANSPIRATION BY ITSELF OR IN CONJUNCTION WITH SOIL 
MOISTURE 

2. 'for CROP FORECASTING, TO IMPROVE ESTIMATION OF CONDITION AND 


FORECAST OF YIELD. 
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RESOLUTION .REQUIREMENTS ARE REIATI\^LY BROAD CQRDER OF SEVERAL KM) . 
THUS DATA RATES LESS THAN THOSE FOR THE BASIC WEATHER FUNCTIONS. 

AIR STAGNATION - 

DERlirBD FROM BASIC WEATHER DATA, 
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ESTimTION OF DATA LOADS FOR 1985 ERA WEASATS RECAP OF DATA SYSTEM 

MAJOR I^^PACTS 

1. THE POSTULATED BASIC WEASAT IMPACTS DATA SYSTEM. OiVLV IF VOLAR - ■ 
2. .5 MB/SEC DUMP RATE , - CORRESPONDINGLY HIGH GROUND RATES . 

PROBABILITY IS THAT THEY WILL REMAIN POLAR - BECAUSE OF METHODS 
USED 

2. CLOUD COVER MEASUREMENT WILL CONTINUE SYNCHRONOUS - 4,25 MB/SEC 
DUMP RATE - BIGGEST IMPACT, . 

3. TORNADO SAT (STORM SAT ) NEEDS TO BE SYNCHRONOUS - 1.9 WB/SEC DUMP 
RATE, 

4. THE MAJOR DATA RATE DRIVERS ARE RESOLUTION AND AREA COVERAGE; 

NEXT IS Tim INTERVAL OF DUMP; NEXT IS GROUND TURN-AROUND TI^E. 

5. . OTHER SYSTEM DRIVERS: GROUND PREPROCESSING AND PROCESSING; 

TDRS DATA RELAY. 


6. OTHER IMPACTS ARE SMALLER 
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VERTICAL TEMPERATURE PROFILING OF THE ATMOSPHERE FROM SATELLITES 


This report discusses the physics of the methods in current use and 
proposed sounding of atmospheric pressure from satellites. It provides 
empirical results to allow comparing satellite-derived measurements with 
those from radiosondes and rocketsondes . . • . . 

1. BASIC CONSIDERATIONS 

Uncooperative passive satellite sounding techniques measure ‘radiation 
leaving the earth's atmosphere in particular regions of the electromagnetic 
spectrum. The layer of atmosphere from which the radiation arises Cand 
which thus is "sensed”) depends on the molecular absorption characteristics 
for the wavelength employed, the optical characteristics and the viewing 
geometry of the sensor. The radiant energy can be interpreted in terms 
of the average temperatiire of the sensed layer through Planck's law. 

Figxore 1 depicts the spectral regions which have been found most useful 
for sensing from satellites. 

The three major atmospheric windows (regions of minimxim molecular 
absorption) can be used to sense sxirface tesrperature- 

The three major absorption bands due to constituents with a uiniform 
distribution in the atmosphere, can be used for sensing the vertical tempera- 
ture profile. . ' ■ 

Both windov/s and absorption bands occur in the near and intermediate 
infrared and in the microwave range of the spectrum. 
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WAVENUM8ER 


lOOOOcirr' lOOOcm't DOcnr' IOcm"> lorr' O.lcm"' 



: (Neor) 

m 


WAVELENGTH 

Infrared (Far) 


Microwove 


FIGURE 1 

SPECTRAL REGIONS FOUND USEFUL FOR INDIRECT SENSING FROM SATEUTIES 

I 


The top row indicates the location of atmospheric windows . 

The bottom row indicates the location of absorption bands from distributed 
constituents. 

Windows are usable to measure surface temperature. 

Absorption bands are usable to measure vertical temperature profile. 

The waveniiniber is the number of wavelengths contained within one centimeter. 
For example, 1,000 cm ^ means 1/1, 000th of 1 cm, or 10 microns. 
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Figure 2 compares the relevant characteristics of these three 
spectral regions. 

Prom the standpoint of available thermal energy, the 15-jjm region 
has a distinct advantage over the 4.3-pm and S-itmi spectral regions. Thus, 
if the detector sensitivity were the same for all spectral regions, the 
15-pin region would be superior to the other two. 

The performance of currently available detectors within each spectral, 
region, and the required spectral bandwidths and optical fields of view 
are such that the 4.3-JJm region is best for sensing the relatively warm 
regions of the atmosphere: it is inferior to the 15-]Jm region for sensing 

the cold portions. This is-" because the radiance at 4.3 pm depends upon 
temperature more strongly than the radiation emitted at 15 pm or 5 mm. 

At low tenperatures , however, the energy at 4.3 pm is much closer to the 
detector noise level than is the case for the other two regions, 
consequently, in clear atmospheric conditions the 4, 3- pm and 15-pm regions 
are superior to the 5-inm region for sensing atmospheric temperature. 

The presence of clouds forces consideration of the cloud penetration 
capability of each spectral region. The microwave region has an over- 
whelming advantage in this regard, especially for cirrus (ice) clouds. 

In summary, all three spectral regions possess basic advantages and 
disadvantages for atmospheric sounding. Consequently, instruments 
operating in all three spectral regions have been tested aboard spacecraft 
during the first half of this decade. 
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ENERGY 
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Radiance) 
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15.0pm 
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15000 
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1 

1 

TEMPERATURE SENSITIVITY (Relative 

to Detector Noise*) 
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4.3pm 

1 

20 

15.0pm 

10 

6 

5.0mm 

4 

1 
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*{0.002, 0.2 erg/cra s str cm' , 0 
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CLOUD TRANSMISSION 


Water 

Ice 

4.3pm 

6% 

1% 

15.0pm 

1% 

1% 

5.0mm 

96% 

99.98% 


FIGURE 2 - COMPARISON OF CERTAIN CHARACTERISTICS OF THE 4.3-pm, 
15.0-ym and 5.0-mm SPECTRAL REGIONS 
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2. DOWNIVARD VISAING SPECTRAL jyETHOIS 

A. The Satellite Infrared Spectroneter (^IRS) Approach 

. This technique iteasures the radiation emerging from the top of the 
atmosphere in several spectral intervals ranging from the center out to 
the wing of an absorption. Thermal energy measured near the opaque band 
center arises from higher altitudes because the atmosphere absorfas the 
energy emitted at lower heights. Energy measured in the wing of an 
absorption band arises from lower altitudes because of the higher 
transparency of the upper atmosphere at the bands edges. If the distribu- 
tion of the absorbing gas is known, the variation of the sensed outgoing 
radiation with vzavelength can be interpreted in terms of the variation 
of atmospheric temperature with altitude.' 

Figure 3 illustrates spectra of outgoing radiation equivalent 
blackbody temperature near 15-jim as measured by the Infrared Radiation • 
Interferometer Spectrometer (IRIS) from the Nimbus-4 Spacecraft. Note 
that the radiation temperatures decrease as the center of the band is 
approached. This corresponds to the decrease of tropospheric temperature 
v;ith altitude. The minimum at n, 690 cm ^ is associated with the cold 
tropopaxose; the subsequent increase to a maximum at the band center is 
due to the increase of temperature with altitude in the stratosphere. 

The entire spectra need not be measured to infer the temperature profile; 
just several • (five to seven) carefully selected spectral intervals 
(cf. those shown by arrows, chosen for the SIRS sounder). This is because 
the energy measured at any wavelength arises from a relatively deep 
layer (8-12 km) of the atmosphere so that the measurements at adjacent 
frequencies are highly redundant, i.e. strongly correlated- 



TEMPERATURE (®K) 
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Figtire 4 indicates the altitude of the vertical layers sensed by 
the eight 5-cra ^ spectral channels of SIHS. The curves, usually referred 
to as weighting functions, depict the layers of atmosphere most vividly 
sensed by the particular spectral channels. The complete temperature 
profile of the atmosphere is obtained from all the spectral measure- 
ments using one of the several available numerical solutions . For a 
discussion of these methods see report No. 6, "Meteorological Observa- 
tions via Satellites," pp. 11-14, appended. 

r 

Figure 5 exemplifies a SINS sounding. Note the inability to resolve 

small-scale vertical structure from this type of radiance data- This. 

problem is dramatized by the failure to resolve the sharp tropopause 

feature. Nevertheless, the SIKS has proven to be able to diagnose large- 

o _o 

scale temperature features with an accuracy of 1 to 2 C. 

It should be emphasized that the derived temperature soundings’ are 
highly sensitive to instrumental noise. Evidence of this is contained 
in Figure 6, which shows a SIRS profile derived when a spurious error of 
10% existed in a single channel. For this reason the measurement noise 
on all downward viewing infrared sounders is kept below 0,5%. 

B. The Selective Chopping Radiometer (SCR) Approach 

-1 

The SIRS spectral resolution (5 cm ) is inadequate for measuring 
the upper stratosphere. To observe these high altitudes with a downward 
viewing instrument one must sense the outgoing radiation with extremely 
high, spectral resolution at the center of the absorption band. 
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Fig, 4. Vertical layers’ sensed by the 
5-cm wide spectral channels of the SIRS 
instrument on Nimbus 3, 



Fig, 5, Comparison of a SIRS derived temperature profile 
with a radiosonde observed temperature profile at 
latitude 54S, 
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Fig. 6. Comparison of a radiosonde observed temper- 
ature profile with a SIRS derived temperature profile 
when a spurious telemetry error. of 10% existed in a 
single channel. 



0.0 0,1 0.2 0,3 0,4 0.5 0.6 


Fig. 7. weighting for the six spectral 
channels of the SCR instriment on Nimbus 
4. 
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This instrvment periodically places cells containing CO^ gas in the 
' path of the incoming radiation. The path through the CO^ cells is 

selected to be equivalent to the normal path traversed by the radiation 
in the corresponding layer of the atmosphere. Thus significant, atmospheric 
absorptions cavises the incoming radiation to be modulated at the "cell 
insertion frequency." 

Figure 7 depicts the Nimbus 4 SCR channel weighting functions. As 
shown, this technique is capable of observing temperatures to the 45-km 
level. 5he comparison shown in Figure 8 indicates good agreement, in 
the range from 100 to 2 itb, between the SCR-derived and rocJcet sonde- 
observed profiles. 

Figure 9 exemplifies an SCR sounding during an event of stratospheric 
warming, a situation very difficult to retrieve dire'ctly from SIRS data. 
Good evidence of the warming trend appears in the SCR-derived temperature 
profile: yet the absolute accuracy still leaves much to be desired. 

To infer upper stratosphere temperatures with better accuracy requires 
the measurements of radiance using weighting functions which peak in the 
mesophere. Such weighting functions are characteristics of an advanced 
version of the SCR tested aboard the Nimbus-F satellite during 1974. 

C. The Multi-Band Infrared Approach 

As indicated eralier, 4.3 ]im CO^ band offers advantages over the 
maximum energy 15 Um CO^ band: 

a) Greater dependence of the Planck radiance upon temperattire makes 
measurements more sensitive to vertical and horizontal temperature 
gradients, except at- the' low temperatures near the tropopause; 
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Pig, 8. Comparison of a SCR derived temperature 
profile with a radios onde/rocketsonde observed 
temperature profile. 
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Fig, 9. Comparison of a SCR derived temperature 
profile with a radiosonde/rocketsonde observec 
temperature profiles at West Gerinish and 
Stornoway, during a stratospheric warning 
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b) 3he absorption of CO^ is greater, allowing the probe of higher 

altitudes . • • ' 

A high-resolution Infrared Sounder (HIRS) on Ninibus-F will sense 

simultaneously seve'ra'I spectral intervals of the 4.3 Jim and 15 Jim CO^ 

bands to improve teitjierature profiling acc\iracy. 

Figure 10 shows the HIRS weighting functions. Note the high 

vertical resolution in the lower atmosphere in the 4.3 Jim CO^ channels j, 

and the visibility of the tropopause region, made possible because the 

plcinck radiance is small in this cloud layer of the atmosphere. The 

4.3 Jim channels exhibit greater sensitivity to the upper stratosphere 

near the l-nb level as compared to the 15 Jim CO 2 band itieeisurements . 

Figure 11 compares teinperature profiles derived from synthetic, 

essentially error-free HIRS radiance data, using a) coitbined 4. 3 Jim 

and 15 Jim CO^ observations and b) only 15 jim CO^ observations. Note 

that the frontal inversion displayed by the radiosonde was not captured 

well by the 15 jim data only it did appear with the combined 4.3 Jim and 

15 Jim observations. • The errors of the combined-band method are smaller 

throughout most of the atmosphere. The errors using only the 4.3 Jim 
% 

band measurements (not shown) are larger than those using only the 15 Jim. 
band measurements, especially in the tropopause region. The HIRS aboard 
Ninibus-F will determine ^whether such improvements can be realized in 
practice . 

The downward viewing sounding radiometer on the operational TIROS-N 
satellite and its successor will take advantage of the multiband approach 
of HIRS as well as the selective chopping technique- 
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Pig 10 'Weighting functions for the twelve spectral channels of HIRS. 
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Fig 11 Comparison of HIRS 4,3-pm plus 15ym CO 2 
derived temperature profile with a l5-ym CO 2 
derived temperature profile and a radi sonde 
observed temperature profile. 
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D. Msdixm Resolvtion Scanning Improvements 

The limitation of infrared spectral regions for atmospheric sounding 
is caused by the high absorptivity of clouds. When a cloud completely 
fills the field of view of an infrared sounding instrument, no thermal 
information can be sensed below the cloud level. When a partial cloud 
cover exists, it is difficult to differentiate the cloud condition from 
the thermal structure; that is, high, clouds in a warm troposphere are 
visualized in the infrared similarly to low clouds within a cold tropo- ■ 
sphere. 

The problem of sounding the troposphere in the infrared in the 
presence of partial cloudiness can be alleviated using instruments which 
contiguously scan the atmosphere with medium spatial resolution (30-60 km). 
Given numerous spatially independent observations of radiance over .a 
broken cloud regime, the major variation will be due to a variation of- . 
the amount of cloud within the instruments field of view. This property 
can be utilized to determine the radiance propagating from the cloudless 
regions contained within a partially cloudy area. 
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Figure 12 shows an example of Infrared Temperature Profile Radio- 
meter CiTPR) data obtained from a high altitude NASA aircraft over a 
broken cloud regime. Shown plotted is the radiance measured in a re- 
latively transparent CO^ channel at 750 cm as a function of the ra- 
diance measured in a window channel at 899 cm"^, both otiserved 
simultaneously from the high altitude aircraft. As shown, the varia- 
tion, which is due to a variation in cloud amount, is linear. Conse- 
quently, if the clear sky window radiance is known, the clear sky ra- 
diance for the CO^ channel can be inferred by linear extrapolation. 

The clear sky window radiance can be observed from satellite by the 
very high spatial resolution scanning radiometers used for cloud map- 
ping. This technique has been demonstrated by its application to ra- 
diance data obtained while flying at -33,000 ft over a Pacific cold front. 
Figure 13 shows a cross-section, through the front, of the radiance-de- 
rived temperature profiles and an analysis of the departures -from their 
level mean values. As shown, even though some cloudiness existed above 
18,000 ft, the variation of temperature across the front could still 'be 
diagnosed. Hovrever, it must be emphasized that in areas of extensive 
overcast (which did not exist in this case) , infrared sounding infor- 
mation terminates at the cloud- top level. 


t 


Et Micro^ravB approach 

It is hoped that sounding through most types of clouds can be ac- 
complished using microwave sensors, since the absorption by clouds and 
aerosols in this spectral region is usually orders of magnitude less 
than that in the infrared. 
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Pig. 12. Aircraft ITPR measure^ radiances over 
a cloudy region. Data for a CO channel (750 cm) 
.are plotted as a function of data measured in a 
window channel (899 cm) . 
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Figure 13 
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Figure 14 shows theoretical calculations of the ratio of the 
transmissivity of the atmosphere with clouds to that without clouds » 

As shown, cirrostratus is completely transparent to microwave radia- 
tion and nimbostratus is only partially . absorbent. Although thunder- 
storm clouds are fairly opaque , these will never fill the 200-Jon field 
of view of a microwave instrument, 

One of the problems of using microwave observations for sounding the 
lower atmosphere is due to the variation of surface eraissivity over a 
considerable range (0. 4-1,0) , as a function of surface composition, surface 
roughness, and soil moisture. It appears that the determination of the 
surface emissivity will require the combined and simultaneous use of resolu 
tion infrared and medium resolution microwave observations performed within 
their respective windows. The combined use of infrared and microwave 
radiation for sounding the lower stratosphere and troposphere was initiated 
with the laimch of Nimbus-E. 


The microvJave region can also be used to sound the stratosphere and 
lovrer mesosphere- This is accomplished by within very narrow spec- 
tral intervals centered on the peaks of the most absorbing oxygen lines. 


3. LII4B SCANNING METHODS 

Another technique for probing the atmosphere is called the "Iiimb 
Scanning Method. " An instrument possessing a very small optical field of 
viev; scans across the limb of the earth. At any time, such an instmi- — 
ment receives radiation emanating from a relatively narrow in height . 


layer of the atmosphere. 
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Wavelength (cm) 

Fig. 14. Radio of transmissivity of the 
atmosphere with clouds relative to that 
of clear air (after V?estwater, 1972). 

CS= Cirrostratus 
NS= Nimbostratus 
TEW= Thunders tom Cloud 



Fig. 15. Limb viewing geometry. 
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Figure 15 presents the linib- viewing geometry. The satellite-borne 
radiometer receives radiation emitted by the atmosphere along a ray path 
that may be identified by the tangent height, the point along the ray 
path that is closest to the surface. The instrument scans along the tan- 
gent height vertical plane. Because of the viewing geometry, none of the 
signal originates below the tangent point. Because atmospheric density 
and pressure fall off exponentially with height, - most of the sensed ra- 
diation originates in the few kilometers of' atmosphere above the tangent 
point. 

Figure 16 shows the limb radiance weighting function within a 
spectral interval covering most of the 15 ]im CO^ band. For tangent 
heights above 25 km most of contribution is within 3 km of the tangent point. 
Below 25 km, the weighting functions take on the broader shape of the 

t 

downward viewing instruments, although a spike still exists at the tangent 
point. 

The limb scanning method was tested on 7 February 1970 by flying an 
infrared radiometer aboard an aerobee rocket launched from VJhite Sands 
Missile Eange, N. Hex, The radiometer scanned the earth's horizon in the 
15 pm CO^ band. Figure 17 illustrates a smoothed measured limb radiance 
profile. The measured radiance decreases with tangent height 
because of 'the increasing transparency and decreasing emissivity of the 
atmosphere with altitude,' Since the emissivity of the atmosphere as- a 
fimction of altitude is knovm for the 15 ym CO^ band, the temperature 
profile can "be obtained from the limb radiance profile. Figure 18 com- 
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Fig. 16. Limb radiance weighting functions for a broad 
spectral region of the 15]Jm CO^ band. 



Radiance (w/m^ sr) 

Pig. 17, ISiim limb radiance profile measured from an 
Aerobee rocket (after McKee, 1972). 
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Fig, 18, Comparison of a limb radiance 
inferred temperature profile with a 
rocketsonde temperature profile (after) 
McKee, 1972). 
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pares the temperature profile derived from the limb radiance profile with 
'available rocketsonde temperature data. As can be seen, relatively small- 
scale features can be resolved by this technique - for example, the abrupt 
change in temperature lapse rate near 4 mb. The technique is necessarily 
limited to the stratosphere because of the likely interference by clouds 
of a ray traversing through the troposphere. It was implemented during 
1974 with a sophisticated Limb Radiance Infrared Radiometer (LRIR) aboard 
the Nimbus-F satellite. 



PRESSURE MEASUREMENTS VIA SATELLITES 



PEESSUKE MEASUEEf'IENTS VIA SATELLITES 


There dO' not exist currently operational- techniques to measure surface 
atmospheric pressure from satellites. Several schemes have been advanced 
aiid are the subject of feasibility studies. This report discusses the two 
methods most likely to bear fruit in the near. future. 

GAKP Specifies a surface pressure measurements accuracy of +_0.3% or 
irh, which corresponds to an altitude difference of only 20m. Thus 
the height of the surface -must be known to great accuracy: this may 

restrict the usefulness of passive satellite techniques to oceans where 
the mean height is known. This is not necessarily a limitation; pressure 
measurements are most needed over ocean areas where they are very sparse. 

I. Peckham’s Method . This method was advanced by G.E. Peckham at 
the NASA-sponsored Active Microwave Workshop, Houston, Texas, 1974, and 
again in the 1975 meeting at GSFC. Its basis is to simultaneously measure 
the intensity of electromagnetic energy reflected from the surface in an 
absorption band and at a nearby wavelength. Since scattering by intervening 
clouds and surface reflectivity are slowly varying functions of wavelength , 
the ratio of the intensities at the tv?o wavelengths is a measure of the 
absorption due to the cibsorption band itself. This yields information 
on the total amount of gas in the atmosphere and hence the surface 
pressure. 

Phenomena which contribute to the received signal and which might 
lead to errors in the pressure measurement are ocean surface reflectivity, 
temperature, water vapor and absorption by clouds. One requirement needed 




to attain the GARP ^3itib specification is knowledge of the surface tenperatiire 
'to within 1 K and Y~l/Y to within 0.006, where Y ts the ratio of specific 
heats of air. The teniperature measurement could be determined by a pas- 
sive satellite-borne system; however, this high level of accuracy 
is not yet attainable. Further the partial pressure of water vapor is a 
significant part of the total pressure ; the presence of water vapor af- 
fects -die Oi^gen absorption coefficient (Peckham proposes to use the oscygen 
5 inm band) . Therefore an integral part of this method of measuring stirface 
pressiure is a simultaneoxis measurement of water vapor. 

II . "Optical Path" Methods. The basis of these methods is that the 
difference between the time for a radio wave to travel from a satellite 
throu^ a vertical colxmin of dry atmosphere and the time for travel in 
vacuum is proportional to the pressure at the base of the atmosphere, 
independent of the pressure -temperature profile. This follows from the 

proportionality of refractivity to density. Thus the time difference is 
oo p . " 

proportional to / pdh = — . Clearly, insensitivity to pressure-tempera- 
o ^ ^ 

ture profiles is a vmique advantage of this technique. Its disadvantage 
is that it requires extremely accurate timing measurements and/or • 
determination of path geometry. 

a) Single satellite methods . When only a single satellite is used, 
the dispersion between two different v/avelengths must be measured. This 
leads to the necessity for measuring very small time differences because 
even the maximum difference in velocity is only about 0.003 percent. ‘ To 

—12 

achieve the GARP accuracy of inb requires timing accuracies of about 10 
-3 

sec, (10 nanosec) . . 

b) Dual satellite methods . In these methods the presstire determina- 


tion is to be made using both the direct and the specular-angle surface- 
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bovince between two satellites, liie bounce-path is greatly advantageous • • 

primarily because the relevant time differences are some 2 to 3 orders 

of magnitude greater than for the single satellite method. An additional 

factor of about 5 beyond the times which arise in single satellite methods 

can be achieved becattse of the longer (slant-range) path. Ihus it turns 

-9 

out that timing to about 1/3 10 seconds would be adequate. However, 
this method involves a more complex path geometry. 
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CONTRIBUTION OF SATELLITE DATA TO IMPROVEMENT OF THE NiJP FORECASTS 


This report addresses the question "How much of the improvement in 
NWP forecasts is due to satellite data?" Following is a siammaiy of the - 
c\u:rent status in this area. 

In conjunction with the GARP Data Systems Test (DST) , the IMG is 
conducting a series of tests' designed to assess the impact of satellite- 
derived soundings upon the NMC analysis and forecast system. 

Forecasts through 84 h are generated from analyses produced with 
‘and without the soundings obtained from the operational VTPR instrument 
aboard NOAA-4 and the experimental infrared (HIRS) and microv;ave (SCAMS) 
instruments aboard Nimbus-6. The "first guess" for "these analyses pro- 
vided by the NMC nine-layer global model: subsequent forecasts are made 

with the NMC six-layer PE model. Differences between analyses, and the 
overall gain or loss in forecast skill resulting from th'e^satellite data, 
are assessed via several objective and subjective procedures. These 
include "numerical" evaluation of standard skill scores and "judgement" 
by operational meteorologists . 

Indications thus far are that during the first test period August - 
September 1975, satellite soundings had little if any consistent positive 
or negative impact upon analyses and forecasts . The extent to which 
these inconclusive results reflect: a) inherent errors in "the satellite 
data; b) deficiencies in the prediction model; c) the method of data 
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assimilatioh ahd analysis; d) others i is under investigation. The results 

I * 

of tests in the meteorologically more active period 1 Peb, - 4 March *76, 
are being analyzed. 

A definitive conclusion is prematures yet Several factors are worth 
considering; 

{!) These studies are new and subject to error. J'or Instance 
br. Tracton of hMc indicated in a personal communication to Edosystems 
br. Sigillito that his earlier paper on the subject^ “Preliminary Evalua- 
tion of Mitibus-6 Sounding bata>“ sixth donference on Weather Forecasting 

I ‘ 

and iUiaiysis/, 1976# was totally useless because the NESS programs used to 
process the satellite soundings contained errors which completely Ih-* 
validated the r&siilt^i ‘ ‘ . 

. (2) Satellite data is generally available at times other than the , 

standard synoptic times and thus .must be assimilated into the KWP ■ 
initialisation process (the so'-called four-dimensional data assimilation 

t 

prcblem) . It is by ho means clear that this problem has been satisfactorily 
solved i The current feeling is that much progress remains to be done in 
the area: Thus satellite data is prcbahiy not belhg Used to its full , 

potential t 

(3) .There appears currently to be a standoff between the spare but 
more accurate radiosonde VTP data ahd the much more dense but less accurate 
satdllite*-darived VTP*s. This should change as the inevitable improve- 
ments in satellite VTP's occur. 

The above treats ohly VTp‘s ahd says nothing about the relative values 
■ of satellite-derived winds# cloudiness and imagery. The usefulness of 
this type of data is ever more difficult to guahtify than that of the 
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VTP data; in some cases/ nsefulness may only show indirectly, over a 
period of time. 

From the iiteratiore and personal discussions, it is unquestionable 
that meteorologists are convinced that satellite data are useful to better 
understand the atmosphere and to measure some of the parameters needed 
to forecast future states of the atmosphere and hence the weather. 

The process of quantifying the usefulness of satellite data has 
only recently begun: a definitive assessment must await the res\xLts 


of these studies. 
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MBTEOROLOGICAI; OBSERVATIONS VIA SATELLITES 

1 . General Coinments . 

The principal reason for the importance of remotely sensing the 
atmosphere is the need to collect data on a scale .which is either pro- 
hibitively expensive or virtually impossible by conventional or direct 
means. The atmosphere is an enormous three-dimensional fltiid (more than 
2 million tons of air for every inhabitant of the earth), the majority 
of which lies over the oceans . Provision of an adequate network of 
conventional sensors would be quite impractical; advanced conventional 
sensors (balloons) would be unacceptable because of their hazard to air 
transportation . ' 

Table 1 presents the historical sequence of recent meteorological 
space missions. 

Table 2 sinnmarizes principal physical characteristics of spacecraft 
with missions directly or indirectly related to meteorology. 

2. Use of, and Problems Induced by Clouds in Sounding the Earth's 
Atmosphere 

Infrared radiance measurements of dense clouds are used to estimate 
the cloud heights. This is accomplished by computing a temperature from 
the observed radiance and finding where this temperature prevails in the 
vertical temperature profile for the sx±»ject geographical position and 
time. The normally valid underlying assumption is that the cloud is at 
the same temperature as its surrounding air. The presence of thin clouds 
or even appreciable haze above the target cloud distorts the radiance 
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TflBLS 1 

METEOROLOGICAL SATELLITE FLIGHTS AND FUNCTIONS 1977 


satellite 

PURPOSE^ 

LAUNCH 

2 

ORBIT 

3 

FUNCTIONS 

' RBMARIB 

NOAA 

0 

10/15/72 

S/1460 

Image , So un ding , 
Space 

Deactivated 

NIMBUS 5 

R 

12/12/72 

S/1110 

Image/ Sounding, 
Relay 


IT03 E 

0 

07/16/73 

S/1460 

Image, Sounding, 
Space 

Failed to 
orfait 

D!’1SP 

0 

08/17/73 

S/830 

iKiage , So m ding 

Low light 
level image 

NOAA 3 

0 

11/06/73 

S/1510 

Image, Soxmding, 
Space 

Standby 


0 

03/16/74 

S/830 

Image, Sounding, 
Lightning de- 
tection 


Si'S 1 

R/0 

05/17/74 

G/35700 

Image , Relay , 
Space 

Standby 105°N 

Dl-iS? 

0 

08/09/74 

S/830 

Sounding, A-uroral, 
Electron count 

Imagery sensors 
failed 11/ '74 

NOAA- 4 

0 

11/15/74 

S/1460 

Image, Sounding, 
Space 

Primary 

SMS 2 

R/0 

02/06/75 

G/35700 

Image, Relay, 
Space •' 

135° W 

d:-sp. 

0 

05/24/75 

S/830 

Image 

Auroral s^sor 
failxire 

NI2-BUS 6 

R 

06/12/75 

S/1110 

Image, Sounding, 
Relay , 


GOES 1 

0 • 

10/16/75 

g/35700 

Image , Relay , 
Space 

75° W., Note 4 

DI-5SP 

0 

02/19/76 

S/830 

Image, Sounding, 
Auroral 

Failed to 
Orbit 

ITOS E*2 

0 

9/76 

S/1460 

Image, Sounding, 
Space 

Former ITOS C 
Spacecraft 

DM3P 

0 

Mid 76 

S/830 

Image, Sounding, 
Auroral Electron 
count 

Initial Block 
5 d 

ITOS K 

. 0 

Late 77 

S/1460 

Image, Sounding 
Space 
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TABtE 1 (cont'd) 



^ 1,.-. 


2 

3 


SATEI.LITE 

PURPOSE • 

LAUNCH' - 

ORBIT' ' - 

FUNCTIONS 

REMARKS . 


0 Early 77 G/ 35 700 Image, Relay, 

Space 

0 Late 77 G/35700 Image, Relay, 

Space • 


^R - Research, 0 - Operational, R/0 - Operational Prototype. 

2 

S - Svin— synchronous , G — Geosynchronous/altitude in kilometers 

3 

Image - TV-like picture of cloud patterns or sea-surface temperature patterns. 
Soanding - Vertical profile of atmospheric temperature, water vapor, ozone. 
Relay - Relay and tracking of surface or balloon-borne sensors. 
Space-Measurement of space radiation or solar emissions. 

4 

Replace SMS 1. 


GOES B 
GOES C 
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TABLE 2 


■ EARTH SATELLITE SPECIFICATIONS 








COMMUNI- 

SOLAR 



SPACECRAFT 

■ PAYLOAD 

SPACECRAFT 

PAYLOAD 

CATIONS 

PANEL 



WEIGHT 

WEIGHT 

SIZE 

(FT"^) 

POWER 

POWER 

OUTPUT 


ORBIT 

■ (POUNDS) 

(POUNDS) 

(WATTS) 

(WATTS) 

‘ (WATTS) 

Nintous 

Circular 
Near- 
Polar 
Sun-Syn- 
chronous 
Noon Equa- 
tor Cros- 
sing 
1000 Km 
Alt 

1716 

490 

40 

156 

104 

550 

ITOS 

Circular 

Near- 

Polar 



• 





(78*^) 

Sun-Syn- 



- 





chronous 
9 am 

875 

250 

50 

125 

■ 50 

400 


Equator 
Crossing 
1500 Km 
Alt 







TIROS-N 

Circular 
Near- 
Polar 
. (81°) 
Sun-Syn- 
chronous 

1200 

270 

60 

125 

65 

400 


8 am or 
3 pm 
Equator 
Crossing 
833 Km 
Alt 
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TfiBI£ 2 (cbnt'd) 



ORBIT - 

SPACECRAFT 

WEIGHT 

(POUNDS) 

PAYLOAD 

WEiaiT 

(POUNDS) 

SPACECRAFT 

SIZE 

(FT^) 

PAYLOAD 

PCT^ER 

(WATTS) 

COMMUNI- 

CATIONS 

PCWER 

(WATTS) 

SOLAR 

PANEL 

OUTPUT 

(WATTS) 

ERTS 

Circular 
Near- Polar 
(82°) 

Sun "Syn- 
chronous 
9 30 am 
Equator 
Crossing 
912 Km Alt 

' 2080 

450 

52 

271 

104 

550 

1 

ATS 

i 

Geosta- 
tionary 
37,000 Km 
Alt 

2950 

/ 

520 

48 

400 

200 

600 

SMS 

Geosta- 
tionary 
37,000 Km 
Alt 

1256 

165 

150 

.33 

80 

140 

SKYLM3 

Circular 
50° incli- 
nation 

200,000 

8,700 

90,000 

500 

7,000 

22,000 
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measurements through emission and scattering from the intervening materials 
' The resulting errors in computed cloud altitude can be reduced by cor- 
rections based on multi frequency observations, but may still be significant 

More serious is the interference of clouds in deriving the vertical 
temperature profile of the atmosphere from infrared radiance meastirements , 
(See later section of this report for theory) . Successful application of 
the method depends critically on the degree to which the portion of the 
observed radiance emanating from clouds and aerosols can be evaluated and 
svibtracted in order to produce a "clear column radiance." . If the clou^ 
are solid and opaque, the soundings can be extended only down to the top 
of the cloud. These limitations have led to an active interest' in the 
microwave region of -the electromagnetic spectrum for making or augmenting 
such observations. In the microwave region the wavelength - 0.5 to 10 cm - 
is large compared to the dimensions of aerosol and cloud particles - 
~ 1 to 20 iJm - so that scattering is orders of magnitude less than in the 
infrared region. This enhances the transparency of clouds in the micro- 
wave region: nevertheless, cloud effects are still not zero. Effective 

quantitative measurements still depend upon the magnitude of cloud ef- 
fects and the degree to which corrections can be applied. Conbinations 
of infrared and microwave systems are ejqsected to possess synergistic 
advantages: their joint use in future satellite-borne sensors is almost 

assxired. 

3. Methods of Measuring Winds 

There are several methods where with winds can be directly measured 
. from satellites. The only one in current operational use is the observa- 
tion of cloud motion vectors from sequential geostationary satellite 



-7- 


images. The method assumes that the cloud and the volume of air containing. 

it move together- Cloud motion vectors can be measured with an accuracy 

of 2-3 knots-' Error components are the resolution of the image, the 

registration accuracy between successive images, changes in form of the 
\ 

cloud. The principal output error lies in the specification of the alti- 
tude corresponding to the wind derived vector. After the launch of the 
SJ'S-Tl on May 17, 1974 - which produces an IR and a visible image - 
cloud top heights could be deduced by placing the cloud where its indicated 
temperature matches that of the local temperatxire profile. Good results 
are foiand for cumulus clouds which are dense and sharp-topped (i.e., the 
observed radiance emanages only from the cloud top and represents its 
local temperature) . Large errors result from tenuous clouds such as cir- 
rus v;here a considerable portion of the observed radiation comes from 
below the cloud yielding a too-warm and hence too-low indication. 

Winds derived from cloud motions observed from Geostationary Satellites 
prior to SMS-1 (ATS 1 and 3) have shovm an average deviation of 5 to 8 
knots compared to the winds measured by rawinsondes. Both natural varia- 
bility and fundamental accuracy are involved in this deviation: this is 

because the rawinsondes and the satellite observations are never 
simultaneous and exactly collocated. Thus time and space variations in 
■hhe wind field are included in the reported discrepancies. 

From SJE images winds are operationally determined using a semi- 
automated machine which stores successive images on disks, displays them 
on vidicons , and automatically tracks cloud features to determine their 
vector velocity. 

Another method of inferring surface wind fields from satellites is 
to observe the brightness distribution in the sun glitter pattern on the 
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ocean., a perfectly calm water surface will, display a bright disk 0.5^ 
in diameter; a distrirbed surface will show a large, diffuse spot whose 
dimensions and brightness distribution are related to the surface wind 
which disturbs the surface, technique has been shown to be sufficiently 

useful to be of interest, but the limited area of the surface which can 
be- so observed detracts consider^ly from its general applic^ility- 

4. Methods of Estimating Rainfall 

Satellite cloud images have been used to estimate average daily 
rainfall over stbsynoptic areas in the tropics and sttotropics. 5he 
procedure determines the percentage of the subject area covered by each 
of three rain -producing cloud types (cumuloniitibus, nii±(o-stratus , and 
cumulus congestus) and applies an empirically-determined coefficient 
to each to arrive at a total rainfall prediction. Figure 1 shows the 
results of the method applied to the area of Zaittoia, Africa, for the 
period of January, 1970.. 

5. Theory of Atmospheric Profiling 
5-1. Temperat-ure Profiling 

The thermal radiation emitted by the atmosphere contains information 
on the vertical distribution of temperature and on the concentration of 
the emitters: these are either optically active gases or nongaseous 

components (aerosols, clouds and hydrometeors) . 

TO measure the temperature profile of the atmosphere one must 
observe the radiation emitted by an atmospheric constituent whose vertical 
distribution (concentration), and radiating properties are known so that 
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T (transmissivity) and dr/dP are calculable- Ihis requires that the 
'• radiation emanate from a gas which has a known, stable concentration; 
and further' that its radiation be separable from all other sources, 
gaseous. or aerosol. The gases useable for temperature profiling are CO^ 
in the 2325 cm ^ (4.3-JJm) or the 668’ cm ^ (15— Jim) band and in the 
60-QIz microwave band. It is assumed that CO 2 is uniformly distributed 
throughout the atmosphere at 316 ppm; and that is uniform below 
100 km. Local diurnal, and hemispheric seasonal variations of tropospheric 
CO 2 range up to 5 ppm C~ 1.5%). There are also indications of a small 
discontiniiity between the troposphere and the stratosphere.' Ihese effects 
are, however, small and easily compensated. 

The relationship between the vertical temperature profile and the 
infrared emission spectrimi can be e;}qg>ressed quantitatively as follows. 
Consider a satellite which measiires the monochromatic intensity emitted 
from directly below. The amount of radiation contributed by each incre- 
mental layer dz is given by 




( 1 ) 


Where; 


= radiance per unit wavelength interval 
at wavelength A 

* 

= blackbody monochromatic radiance specified 
by Planck's law 

== transmissivity of the layer of gas lying 
above the level z 

a^ = fraction of the radiance along a particular 
path length which is absorbed by the layer 
in question 
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Equation (1) can be integrated over height to obtain the total 
radiance impinging on the satellite sensor from below: 

CO 

' "" "^Ao ^Ao ^Ao -^o "^A ^A ^A ^ 


(2) 


where we have -used da^ = -k^ p dz, with p the density of ,the gas and 
its- absorption coefficient. 

The subscript o refers to the earth's surface. 

The integral can be approximated as the sum of the contributions of 

* 

N layers of finite thickness, each of them isothermal (thus is constant 

* 

in each layer) , so that L-, can be taken outside the integral. With this 

A 

approximation, (2) can be written in the form: 


!,..=« L-. + a L.^ + a ii.. + 

A o Ao 1 Al 2 A2 


“n ^An 


where 


°o - '"Jo *Ao 


and 


/ k^^ p dz, i = 1, 2, — , N. 


The integration is carried out from the bottom to the top of the 
layer in question. The term a is the transmissivity of the atmosphere 

lying above the i-th layer. It is also possible to write the coefficient 
in the form: 

a. = Tt, . a, . 

1 Al Al 


where CT-. . is the optical thickness of the i-th layer. The a. can be 
A ^ 

determined quite accurately from data or average atmospheric composi- 
tion as a function of height. 
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Now for each of the layers the in various wavelength bands are 
related by Planck's law. Therefore, if measurements of are .avail- 
able at N different wavelengths, it should be possible, in principle, to 

* 

solve the resulting set of simultaneous equations to obtain in each 
layer: the temperature corresponding to these blackbody radiances can 

then be determined from Planck's law. In practice, accurate solutions 
can be obtained only if each of the N equations contains a sufficient 
amount of information that is not redundant with the other equations 
.(i.e., the equations are truly independent). Thus there is an upper 
limit to the amount of vertical resolution that can be obtained with 
remote sensing. Even with this limitation it .is usually possible frpm 
radiance measurements in cloud-free areas to infer temperatures over 
layers a few kilometers thick to within -about l°c. 

Another procediire is to "guess" at the temperature profile, calcu- 
late the radiances which would be observed if the guess were perfect 
(an exact process) and then employ one of several regression solutions 
to the differences between the observed and "first guess" radiances. 

The better the first guess, the better the answer so that in operations 
the last forecast is used as each first guess. As satellite data in- 
fluences this forecast, however, it results in a dependence and feed- 
back that may be dangerous, a safer approach is to use an invariant 
first guess based on climatology. The result, however, is not as good 
as the measure which, of course, is closer to the real profile. 

Comparison of satellite-retrieved temperature profiles with radio- 
sonde data reveals rms differences ranging from 1,5° to 4.0°C between 
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10 mbar and the surface, compared with differences between adjacent pairs 
of radiosondes ranging from l.S*^ to 2.5°C. The largest differences be- 
tween satellite and radiosonde temperatures occur around the tropopause 
and near the surface ; the smallest differences are in the middle tropo- 
sphere . 


5-2. Constituent Profiling 


Consider now the radiation exchange equation; 


P dT^(0,p) 

I = e B (T ) T (O, P ) - / ° B (T ) — pr dP 

V vv o v o v p dP 

O ‘ 


dx (P ,P) ' 

+ (!-£) / ° B (T)T (0,P ) dp 

V V V o dP 

P 

o 


( 1 ) 


where 


I 

V 


£ 

V 


B^(T) 


T 

P 


T 

V 


T 


O 

(a,b) 


=< measured radiance at wavenumber v 
= emissivity of surface of earth at v 
= Planck blackbody radiance at v and temperature T 
= temperature of air at level where pressure is P 
— temperature of surface of earth. 

= transmission of atmosphere between pressure levels 
a and b. 


The first term is the energy emitted by the surface of the earth 
■and transmitted by the overlying atmosphere. The second term is the 
energy emitted by the atmosphere in the upward direction. The third 
term is the energy emitted downward by the atmosphere, reflected by 
the surface (reflectivity = 1 - and transmitted by the atmosphere 
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on the way up. in the infrared region = 1 and the last term is'O. 

In the microwave region 0,4 < < 1,0 and this last term is signifi- 

cant. 

In the preceding section it was pointed out that if T and dT/dP 
in the radiative transfer equation were known, B could be computed from 
the observed radiance I^. Conversely, if the temperature profile is 
known, we can use the measurements to calculate transmittances and from 
these, distribution and total amount of the emitters. 

Early studies of the distribution of tropospheric relative humidity 
on a quasi-global basis used measurements in the 6, 3~ym water vapor ab- 
sorption band, i.e. the IR "window" usable with satellite-borne ra- 
diometers. 

Formulations have been developed for obtaining information on tropo- 
spheric relative humidities and total water vapor content, as well as 
temperatures, from high spectral resolution satellite measurements such 
as those from the Nimbus -3 and -4 infrared Interferometer Spectrometer 
(iris) or the Nimbus-4 Satellite Infrared Spectrometer (SIFS) ejqjeriinents . 

Nimbus-3 and -4 IBIS measurements have been used to study techniques 
for estimating atmospheric ozone. Good correlations between the satel- 
lite ozone determinations and tropospheric weather systems have been 
shown in these studies , suggesting that ozone observations from future 
satellites may aid in weather prediction, 

A totally different means of remotely sensing ozone has been af- 
forded by the Backscattered Ultraviolet (BUV) experiment flown on 
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Niicibus 4. The BUV instrument consists of a doiible monochroKiator that is 

stepped every 32 s through 12 discrete wavelengths between 2500 and 3400 
o . 

A in the Hartley-Huggins ozone absoirption band. 

6. Measurement of Surface Parameters 
6-1. Surface Temperature 

The surface temperature of the solid or liquid earth can be determined 
by measuring the blackbody radiation e3mitted in the infrared or microwave • 
region. Since the observed radiation is equal to the emissivity multiplied 
by a function of the temperatiire/ it is necessary to know the emissivity. 

In the infrared the emissivity of most surfaces, including water, is es- 
sentially unity: in the mocrowave region the emissivity varies. For 

example, the microwave emissivity of %i?ater lies between 0.4 and 0.6. 

This uncertainty renders quantitative microwave measurements somewhat 
questionable. However, the insensitivity to most clouds makes the micro- 
wave region very desirable; research is mderway to develop methods of 
tightening the emissivity ranges and correcting for the reflected contamina- 
tion. The KOAA operational satellite scanners produce infrared images, 
which are used to infer temperature. Ihey employ the "thermal" infrared 
wincov/ - 8 to 14 hm - for most surface temperature measurements. The ac- 
curacy of sea-surface temperatures thusly derived is constrained by 
the extent of the possible corrections to condensate for water vapor, 
haze, and thin clouds. Dense clouds obscure the surface and no measure- 
ments are possible. 

The absolute accuracy of the measurement of sea-siirface temperatures 
from satellites 'is estimated to l^e 1.5r2.00 K. The relative accuracy 


is of order 1.0 'K. 



• - 16 - 


6-2 . Sea Ice 

Ice is gradually being recognized as possessing more influence upon 
weather than had heretofore been thought. Ice strongly influences albedo 
and hence affects the heat and mass budgets of the polar regions. It 
is a major factor in the exchange of heat between oceans and atmosphere. 

For example / it is estimated that the heat flow into the atmosphere from 
a newly formed "hold” is appraximately 100 times greater than through the 
surrounding ice. Ihus extent, location, and movement of ice are important 
to meteorology. 

Ice is readily observed in the visual channels of satellite images. 
These, however, are not available during winter because of insxifficient 
illumination. Infrared images alone are not conclusive since land, ice 
and low clouds are often not separable. Microwave radiometry is partic\aarly 
powerful for observing ice because it is all-weather, all-season, and can 
provide information on the condition of the ice. 

The Ninbus 5 spacecraft carries an Electronically Scanning Microwave 
Radiometer tESMR) which has been used to obtain maps of polar ice fields. 

It consists of a Dicke-type radiometer with a temperature sensitivity 
of 2, K° fed by a phased-array antenna which step-scans across the sxb— 
satellite track in 78 beam positions via of ferrite phase shifters 
contained in the antenna elements. Hie total swath covered is +50° from 
nadir. The radiometric data along with internal calibration data are 
telemetered every orbit and are computer-processed into maps. Approximately 
one day’s worth of data are accumulated for one polar projection, redundant 
data in a given map cell, resulting from orbit swath overlap, are averaged 
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for that time period. The resolution cell size in the processed image 
is "''32 km. 

The brightness temperatures observed with the ESMR depend on the 
physical temperature and einissivity of the surface and the opacity and 
terperatxire profile of the intervening atmosphere. However, the atmospheric 
contributions in the polar regions are generally negligible due to the 
low humidity and near absence of liquid water droplets. The cloud cover 
generally consists of low-altitude stratus clouds, whose liquid water 
content is too small to affect the microwave emission: for example, the 

ice crystals contained in cirrus clouds are quite transparent to 1.55-cra 
radiation. 

The surface •emissivity accomts for the largest signal contrast 
observed in the polar regions; however, variations in the physical tempera- 
ture of the surface are observed also. At 1.55 cm, the emissivity of sea 
v?ater is ~ 0.4, of first-year ice ~ 0.95, and of multiyear ice 0.8. 

Maps of polar ice in both the arctic and antarctic regions have 
been produced from Nimbus 5 ESMR data and compared to ice bomdaries 
given in oceanographic atlases, A typical con^arison is shown in 
Figure 2. The Atlas indicated that the Ross Sea was not open to the South 
Pacific; yet the ESMR data of January 30, 1973, showed that it was,, and 
further showed that the atlas over-estimated the ice cover elsewhere, 
particularly in the Weddell Sea, seen in the upper right-hand quadrant 
of Figure 2. 

The ability of the ESMR to remotely sense sea ice through clouds 
makes it extremely valuable for research studies, for updating climatic 
information, and for operational use. ESMR images are now being used 
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operationally by the U.S. Navy Fleet Weather Facility as an aid to 
navigation in polar waters. 
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